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PROCEEDI NGS
10: 07 a. m

MR, GRAVELY: Good norning. |'m M ke
Gravely. Today we're doing what is, in fact, a
third workshop in a series of three on the
i ntegration of renewables in California. The
wor kshop today will specifically focus on energing
technol ogies. So we'll get nore details on that
inalittle.

As we start, we have a WebEx going in
addition to the people that are here. And so |I'm
just going to ask briefly if anybody on the WbEx
has any problens that they're having before we
start, because we will nute all the WbEx people
while we're giving the presentations. And then
we'll un-nute everybody during the question-and-
answer session

Qur plan is to have a brief question-

and- answer session for each speaker, and then in

the afternoon we'll have a nore detailed public
coment . But we will have sone di scussi ons, but
we wll have to cut those off if it beconmes a tine

problem But we are hoping to have each speaker
provi de a short question session as part of their

presentation. So that's the way it will work
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t oday.

Logi stically for those of you in the
bui Il di ng here, the restroons are outside and to
the left here. And if there's a fire alarmor a
reason to | eave the building, we'll be going out

either the door on the |left or the door you cane

inin the center. Right across the street from us
is a large park, and we will neet over there until
we're back in the building. |t does happen, so if
t hat happens we'll just go ahead and exit the

bui | di ng and cone back when it's appropriate.

There are too nany people to actually do
any kind of introduction, so we'll keep the
i ntroductions just to the speakers as they go
t hr ough.

VWhat | will do, though, briefly is --

(Pause.)

MR, GRAVELY: Sorry for the confusion,
that's the wong presentation here. Let's try
that again. W got the wong presentation, give
us one second.

(Pause.)

MR, GRAVELY: Sorry for the delay. W
ended up with two files with the sane nanme, or

very close nanes. Ckay, sorry for the del ay
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there. Two files with very simlar nanes.

The obj ectives of our workshop today is
to specifically this workshop is in support of the
| EPR, both the 2008 updated on the integration of
renewabl es, as well as preparing infornmation for
the 2009 | EPR

We're going to specifically today spend
most of our effort tal king of energing
t echnol ogi es that can inpact the integration of
renewables in California, and al so that hopefully
will allow us to accel erate the penetrati on of
renewables in tinme for the 2020 30 percent goal

Al so, you'll be hearing presentations
t hrough the day on different technologies. And in
the afternoon we have sone presentati ons by
di fferent technol ogy providers. So one of the
questions, also, is deternm ning the actual
commercialization states and the validity of
di fferent technol ogi es being able to influence
California's future.

So we'll be | ooking for feedback and
comments from partici pants and ot her individuals
who want to participate in the coment session of
the ability of these technol ogies inpacting the

future in California.
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And al so when we determ ne emergi ng
technol ogies that are critical to the future of
California, one of the things we're |looking for is
to deternmine if there are things that the state
can do to accelerate the inplenentation of those
t echnol ogi es, the fielding of those technol ogi es,
or the use of those technol ogi es.

It ultimately has resulted in a workshop
here and the comments we have, and the work that
staff has done, will be providing an input to the
| EPR that those of you that participate will be
able to review as part of the review process for
the 2008 IEPR.  And will also provide input to the
wor kshop schedul e for 2009. So that's the results
of what we are planni ng on doi ng today.

So the norning session will be starting
with a presentation from nyself on the Energy
Conmmi ssion infrastructure research and devel opnent
projects with a quick review of sone of our active
projects and sone of the results we've obtained.

Gerry Braun from our renewabl es group
will talk about the renewable R&. We'Ill hear
fromthe PUC about the initiatives that they have,
and neeting and worki ng towards the 33 percent

r enewabl es.
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Then we'll start our nore specific
di scussion fromdifferent industry experts on the
wi nd forecasting and hi gh tenperature sol ar
thermal storage. W'Il break around 12:15 to
12: 30 for lunch.

And then we'll cone back in the
afternoon for a couple of panel sessions. W']I
be tal king about different specific technol ogies,
and also we'll be tal king about, you know, the
concept of renewabl es bel ow the transm ssion
| evel .

And then, as | said, in the afternoon
there's a public session. And we have several
peopl e who have asked to speak during that session
that we will be allowing themto present
information at that tine.

For those of you, when you cane in, and
t hose of you on the web line you'll get a chance
to downl oad this later. W do also have, in the
back, we're put together several of the energing
t echnol ogi es, sone information here, handouts --
we' ve put together a handout that will also be on
the website after today for download, with sone
i nformati on on different technol ogies.

Sonme that we're covering today; sone
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that were in addition to what's covered today,
because we weren't able to get everything on the
agenda. And there's sone questions and comments
that we're requesting. So there is a specific
docunent you cah review.

There are a coupl e areas we' re asking
for particular feedback. And the feedback cycle
is based on this feedback fromthis workshop,
which is next Friday, at the close of business.

So feel free to pick up these. They'll
al so be posted on the website as part of this
meeti ng, where all the presentations today will be
posted that weren't posted before today.

So, what | want to cover briefly nowis
the -- you know, ny office handles the
infrastructure side of the research. And so |
want to cover sone of those areas in general, and
tal k about the emergi ng technol ogi es that we have
specifically targeted, that will inpact renewabl e
i ntegration and i npact the future use of
renewabl es or the future increased concentration
of renewables on the utility grid.

The 2007 IEPR, this is actually a
di stribution system but it shows the same

concept. As part of energing technol ogy | think
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we're in an environnent where there's a
signi fi cant anobunt of changes occurring very
rapidly.

And so there's a concept change where
the cl assical distribution system was a one-way
systemthat generated electricity, went down to
the custoner and they used it, and that was the
pr ocess.

As we go forward and we | ook at the new
technol ogies, in addition to very changes in the
way we generate electricity, fromrenewabl es
versus ot her sources, how we transnit that, how we
markets to support that, you'll also see it here
that there's a ot of distributed resources. And
show you the fact that there's solar and wi nd and
di stributed resources, and all these systens that
are built.

The grid is anticipated being a two-way
grid so that you'll have, in this case, for
renewabl es you can have systens where, in the
future, individuals that have renewabl e resources
on their facilities could potentially becone a
generator or provide net energy back to the grid,
as opposed to sinply covering their own | oad.

So all these things we'll tal k today,
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I'"'msure, quite a bit about smart grid. And so
one of the elenents of all this is the
intelligence that's coning, the new technol ogi es
that are coning that allow us to use the
infrastructure of the utility system and the
ever-increasing infrastructure of the information
t echnol ogy worl d and conmmuni cati ons and control
world to make these things work in a different
envi ronnent than they do today, and provide nuch
nmore capability and nuch nore flexibility than we
have t oday.

We look at California's infrastructure,
it's inmportant to understand we have a uni que | oad
profile. And we have a uni que systemin
California. And so that our system peaks in the
sunmer, and it peaks very high fromthe daytine
and the nighttine. And those peaks don't occur a
| ot during the year. And depending on different
presentations, but, you know, |ess than 5 percent
of our energy peak demand occurs less than 5
percent of the tinme on a yearly basis.

So when you | ook at different
i nfrastructure solutions and | ook at different
architecture, it's inportant to understand the way

our grid operates, and the value that system
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provi des, our system versus one that potentially
may have a much nore | evel and a nuch nobre even
profile.

The other thing that's inportant in
California is in addition to the renewabl e
portfolio standard we tal k about today of reaching
33 percent, we have nany other directions and
policies that inpact us for this greenhouse gas
reductions, efficiency inprovenents, denand
response initiatives and ot her areas.

So, when we | ook at solutions it's
i nportant that we |ook at all the chall enges and
in addition to working naki ng renewabl es work, we
have to integrate this into the other chall enges
that are com ng along, so that it nakes the
problem not quite as sinple as if the only issue
we had was integrating renewabl es.

Research is being done, and I'll use
this small section here to tal k about the smart
grid elenent. W're doing quite a bit in that
area, but it is being done fromthe transm ssion
the distribution, the integration and the consuner
end- use si de.

So we are addressing those with sone of

the technol ogies. Today you'll hear will be at
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10
the transm ssion level, distribution level. W!'re
not spending a |lot today on the consuner end-use
side, but those things are also part of it, the
renewabl e el enents of it.

A lot of the work we're doing in the
future is trying to figure out how to account for
and better utilize the distributed renewabl e
resources in the future.

And al so the termsmart grid cones up a
lot. And | think it's kind of |ike the new green
phrase. And it's everything that touches the grid
is smart or it's not sexy or not inportant. So we
are seeing that a |l ot.

But nost of the research will indicate
that there are some very specific inprovenents,
and very specific values the smart grid brings.

One of themis that people are
expecting, as we go to a smarter, nore capabl e
grid, of a higher reliability. That's neasured in
case of how nuch tine a custoner is out. How |Iong
the custoner is out. And cone back up. And then
deci sions that can be nade to adjust those tines.

Al so, there are options to neet
reliability needs that we nay be able to | ook at

di stributed resources nmuch nore effectively and
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11
much qui cker than we do in the past. And so
there's options to inprove that, this
communi cation and the this ability for the system
to work together.

So, we're | ooking at integrating new
t echnol ogi es, and we're al so | ooki ng at usi ng our
ol d technol ogi es nuch better.

As part of this process we are | ooking
at one of the neasurenents as clear operation and
efficient operation and | ower cost. So these are
al ways i nportant to busi ness cases. Wat we do is
we | ook at these new technol ogies. There are a
| ot of technol ogies that are very interesting and
very -- they have good features, but the costs or
the benefits, at the current tine do not nmatch up
for the value they're providing to the grid or to
California. So we're having to work on those to
| ower the cost or increase the benefit.

Utimtely we do this for the custoner,
itself, the end user. And ultinately we're
| ooking to provide those end users nore choices of
how to nmeet their energy needs, whether that is
with nore reliable power, with | ower cost power.
Whet her it's nore consistent or whatever it nmay

be.
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We want to provide better options to the
end consuner. And we want to provide those at a
| ower cost on the overall total cost in the
future.

If you | ook at the different phases of
the research you'll hear a little bit nore about
this this afternoon. But in the transni ssion area
one of the key areas that have evolved in this new
t echnol ogy i npacting renewabl es, is phase
t echnol ogy.

It's an ability to nmeasure the state of
the system sonething in a range of 30 tines a
second. And that information is then portrayed
back to the decisionnmaki ng authorities at the |ISO
or the utilities. And we were putting these
devi ces in throughout Cali fornia.

And our group has been working both on
the technol ogy and the measurement, as well as the
use of the data, devel oping displays for the |1SO
and devel oping informati on on how to take this
data, better predict this into the grid with the
ultimate goal of as we increase nore and nore
renewabl es on the grid, the general perception is
the grid stability will suffer. And therefore we

need better ways to nmanage that stability and
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respond with other resources.

Also, fromthe -- this is one of end
custoner side, but nmany of you are aware, as |
menti oned earlier, the goal for denand response.
And the use in that resource in California.

What the energing technol ogi es all ow us
to do is automate that and to use that for other
things. |In this case we've been doi ng sone
research where we can actually use denand response
as a grid resource for spinning reserve. W could
use it for renewable firm ng and renewabl e
support.

And so this is an opportunity to use
load in a smart manner, to allow us to actually
respond to the needs of the grid and the changes
in the grid that are occurring as a result of the
hi gher penetrati on of renewabl es, as opposed to
al ways having to put in new power plants.

In addition to that side, we al so have
work in comrercial buildings in the industrial
side with automat ed denmand response. W' ve had a
very large increase in that area. W' ve devel oped
sone pretty specific standards and work in that
area to make this across-the-state standard.

But what happens here is in addition to

PETERS SHORTHAND REPORTI NG CORPORATI ON (916) 362-2345
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the residential people, we're | ooking at
automati ng commerci al buil dings, lighting, HVAC
and i ndustrial processes. And being able to use
that again as either a resource that's bid in the
day-before, or a resource that's used the day- of
to help control the grid.

Gid security is another area where we
are cautiously looking at that. Utimtely if the
electricity can't get to the end user, the
security elenment of it or the terrorist el ement of
it, or the just overall concept of the fl ow down
fromthe generation to the end custoner, we are
| ooki ng at those types of systens. Looking at
vul nerabilities in the systens, and | ooking at new
technol ogies that will allow us to address these
probl enrs before they go.

Utimately, in this case, if the grid,
itself, doesn't operate, the renewabl e resources
won't be able to go anywhere of use.

Har dwar e devel oprment is also -- you'l
hear some nore this afternoon of sone different
har dwar e approachi ng the commerci al phase, or near
commerci al phase. This is just show ng you one
exanpl e of where we're doing work in fault current

limters to help the stability of the grid, and
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handl e problens with different technol ogies.

There are three different technol ogies
that are in phases of being eval uated and
denonstrated by different utilities. But the
ultimate goal here is these things provide new
flexibilities and provide the grid ability to
operate at higher capacity rates; and also to
allow us to put nore renewabl e resources through
the exi sting system

We're al so | ooking at the use of
intelligent agents to work as a systemthat would
all ow us to nake decisions onsite to respond. W
have a denonstrati on project that we're doing
where we're integrating storage and wi nd and ot her
i ssues. And working directly with the I SO on a
signal basis to allow us to comruni cate and t hen
make t hose decisions in a real-tine basis. And
then provide the results of that back to the
deci si onnmaki ng authority.

So here is an exanple where we're
integrating intelligent software conmuni cati ons
and control to allow us increase the utilization
of renewabl e resources at tines of need.

Energy storage is an area where we'l|l

hear nore about today. I'"mjust going to talk
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briefly because it's one of the topics that we
thi nk that has a huge opportunity of supporting
California's needs in the future for renewabl e
i ntegration.

There is a full spectrum of storage. On
t he upper right side you can see conpressed air,
whi ch woul d be hundreds, if not thousands, of
megawatts, to |large systens |ike hydro, and down
to systens |like flywheels and batteries and ot her
systens, other smaller conpressed-air systens.

And even ice storage systems. To use that storage
as it will help us to store the renewed energy and
use it at a tine of high value.

Energy storage in general is used in the
area of this just shows you the graphica
representation of |load |eveling, where you're
taking this energy storage at night and using it
during the day.

You're using the energy as you have
rapi d accelerations or the 1SOis calling for lots
of -- energy storage can be used to help | evel
that out. And, of course, frequency regul ation.
As the grid operates all the tine and has
variations as it matches | oad and generation. And

storage is one of the technol ogi es that has the
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ability to help there.

As we do nore and nore renewabl es, the
perception is that prediction of that | oad versus
generation nay be nuch less reliable. And so the
use of these things |like storage and denand
response under | oads types of systens nmke it very
useful for controlling the frequency in a nuch
nore cost effective manner than the classical
approach of adding npbre spinning reserve, or
addi ng nore generation just to sit there in case
there's a need for that energy during one of these
events.

This is just a quick collage of the
types of technol ogies that are currently being
eval uat ed, both by the Energy Comm ssion, by the
utilities and by industry.

And we' ve done several of those
projects. This shows you just a quick exanpl e of
where the different technologies fit. |If you | ook
at the bottom we're tal ki ng about everywhere from
snal|l systens that may be in a residential system
or small business of 1 or 2 kilowatts, up to tens
and hundreds of negawatts that would be part of a
grid systemor part of a systemthat woul d support

a utility.
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And this just shows you fromtoday's
t echnol ogy where these fall. And | think you'l
hear a little bit nore this afternoon from Dr.
Robert Schai nker about sonme of these applications.

It is inmportant to understand one of the
questions cones up is if we have a renewabl e
portfolio standard going forward and we need so
much storage, one of the research we've been
| ooking into is if we nmake up the (inaudible), and
let's just say noninally we decide we want 5
percent, 10 percent, 15 percent of the |oad to be
supported by storage, this chart just shows you
that in the reality of the next five years, if we
made a deci si on today, you know, hydro, punped
hydro and conpressed air are capabl e of providing
tens if not hundreds of negawatts.

If we're trying to use newer technol ogy,
I think there are lots of vendors who would | ove
to sign a contract. But the reality of it is of
getting 100 negawatts of a new battery, or 100
megawatts of flywheels is sonething that we just
aren't to that point yet.

So this is one of those areas where we
think going forward it would be better to find a

need for storage as integrating with renewabl es.
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W may want to encourage sone of these new options
by denonstrati ons and by incentives to bring those
systens forward. |If it's a decision in the state
that's what we need to neet our future needs.

That one didn't cone through, but what |
was going to nention here is we have been doing
sone research, actually through EPRI -- | think
you'll hear a little nore this afternoon --
| ooking at California and underground sites where
we coul d do conpressed air.

So if the decision were nade by the
state that we need | arge anounts of storage,
that's one of the options that could be
consi der ed.

We've al so done research with
communi cating with the SO This comruni cati on
architecture can be used by nmany technol ogi es.
This particular one that's used with flywheels and
it was used for spinning reserve.

But the architecture in the niddle and
the | essons we've | earned on how to do that, and
how t he signal provides -- it was very useful and
it's being used in other resources today, in
addition to this project that's over wth.

Thi s just shows you that eval uate

PETERS SHORTHAND REPORTI NG CORPORATI ON (916) 362-2345



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

20
technol ogies. In this case we eval uated the
fl ywheels of going for a minute up and a ninute
down, nax to nax. We tried to see how well they
per f or med.

Sonme systens, if you're going to do
frequency response, those are | oads that change
very rapidly. So there's a need to absorb energy,
there's a need to provide energy very rapidly. It
could be in a four-seconds-or-|ess basis. Sone
technol ogi es respond well to that; sone
t echnol ogi es don't.

This is an exanple where we just run
sone results tests on that to determ ne what it
could do. W also did sone reliability testing to
deternmi ne how well the system could respond on a
nonthly basis. And collected the data and we' ve
done this infornmation to share. This is, again,
one exanpl e of one technol ogy.

So that was a quick overview. Wat 'l
do now is open up the lines if there are any
questions. And we've got a few minutes here to
take questions on this area before we go to the
nmore detail ed presentati on on renewabl e
t echnol ogi es.

I f you have questions please come up to
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the nmi ke, introduce yourself so we can record your

questi on.

Any questions at all? Sure.

MR, DRACKER: Hi. |'m Ray Dracker from
Solar MIllennium |Interesting overview on all of

the pot pourri of things that are going into the
so-called smart grid program

I don't know if you've gotten this far
in your analysis, but | sort of have a basic
quantitative question that you nmight not have an
answer to, but I'll ask it just for the fun of it,
as it relates to both intermttent renewable
ener gy.

My conpany's a bulk internittent
renewabl e energy conpany. And, you know, if al
goes well hopefully we'll be supplying the state
with 3 terawatt hours of this stuff within eight
years.

A couple years ago | did a big study
with the CEC for the CPUC on what the outl ook was
for 33 percent renewables. And one of the things
we had to do was predict, as a function of
penetration, what the integration costs were going
to be for bulk intermttent renewabl es through a

33 percent deploynent. And | think | drew a curve
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somewhere that had nunmbers on it.
Let me get to ny question. |If all goes
real well with this smart grid stuff, how nuch
wi Il you reduce that nunber by in five years?
If the integration cost of bulk

intermttent renewables is $10 a negawatt hour

wi thout smart grid, how nmuch will it be with a
really well inplenented snart grid progranf? Wuld
it be zero? WII it be $5 a nmegawatt hour? WII
it be -- will it have no inpact at all? WII it
be $10 a negawatt hour still?

MR GRAVELY: First of all, | would tend
to agree. 1've yet to see those specific

conpari sons, but we, as part of the | EPR process,
and as part of the future | EPR process, we have
done several scenario anal yses where we | ook at
di fferent m xtures of generation and renewabl es,
and neeting the different standards and how it
fits, and | ooking at cost allocations.

So we have pieces of it being done.
There's one area that we're doing wi thin our
office, and there's an announcenent out there,
we're doing a smart grid 2020 research project
where we're trying to define the snart grid for

2020.
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And one of the questions is the question
that you answer here. When sonmeone detern nes at
2020 this is what we're going to have, the
question, what's the business case for making the
deci si on.

Utimately, as | said before, the
pur pose of smart grid as we go forward is to all ow
things to operate cheaper, nore efficiently and
get better infornation you have.

So | would say -- why don't you put them
on mute. Sonebody's got sone background noi se;
they're typing it sounds I|iKke.

So | think those are good questi ons.
Those are the types of questions that we're
| ooking for as part of this workshop. And so
woul d encourage you to nake those kind of
coments.

One of the things we |l ook for in
addition to the IEPR i nput, we al so | ook for
research priorities and those things. And | think
it's an area, cost and the way you expressed the
cost and the value of smart grid is an interesting
way of | ooking at it.

But | don't think -- | have yet to see

anybody put it in that perspective. | do believe
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the ultimte goal of where we're going with snart

grid is to be able to do those types of things and

reduce the cost. And be able to do nore, you

know, with | ess resources.

MR. DRACKER:  Yeah, very parochi al

I know there's a lot of different reasons for

and

doing the snmart grid. And that's all great stuff.

But again, I -- what 1'd like you to do is when

Cal -1 SO and the PUC say that the cost of

integrating lots of solar thernal is going to be

$8 a negawatt hour by 2018. So we've got

that cost to everyone's bid -- turn around and

to add

say, no, it's only going to be $3 because you got

to do all this smart grid stuff.
See, that's the practica
val ue of sone of this stuff.

MR, GRAVELY: Ckay.

MR. DRACKER  So, anyway, enough sai d.
Thanks.

MR, GRAVELY: Thank you. One nore
questi on? Anybody have -- anybody, you can ask i
anybody fromthe --

MR, SH RMOHAMMADI : | have a question
Can | ask --

MR. GRAVELY: Sur e.

short-term
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MR, SH RMOHAMMADI :  |Is this thing
wor ki ng?
MR, GRAVELY: Talk into either one;
yeah, either one.
MR, SHI RMOHAMMADI :  You had a slide that
showed t he nagni tude of various storage

technol ogies. Could you go to that slide, please?

That one.
MR, GRAVELY: This one, or --
MR, SH RMOHAMVADI :  Yeah, that's the
one.
MR, GRAVELY: This one here?
MR, SH RMOHAMVADI :  No, the other one.
MR GRAVELY: Oh, this one here?

MR, SH RMOHAMVADI : That one, yes. And
there you nentioned it's not possible to get to
certain negawatt nunbers anytine soon. Could you
el aborate on why?

MR, GRAVELY: Yeah, yeah. | think what
happened, the purpose of this research that was
done for us was we asked a question, is, for
exanple, in sone areas of the country there's a 10
percent rule, for exanple, in renewabl es, w nd.
Sonme countries require 10 percent storage when you

put in w nd.
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And we had a research project where we
went out and tal ked to all the vendors, and the
i ndustry, and the | SO and said, you know, what are
the needs for the future. And the |ISO sent us a
letter saying, we'd like, you know, 250, 500
nmegawatts today or tonorrow.

And | said, well, you know, if the
question is we want hundreds of negawatts in a few
years, we said what technol ogi es can actually do
that. And what we're showing here, | base it on
what's out there. | mean, you know, one of the
problenms with new technologies is there's an
el enent of just because | can build a 10 kil owatt
system doesn't nean | can build a 10 negawatt
systemand it'll work the sane.

So, there's a growh pattern. So we
have | ots of technologies. There's propositions
in California nowto put in anywhere from50 to
100 nmegawatts of storage, negawatt hours, in range
of 1 to 5 or 10 negawatts rating in the near
future, in the next year or so.

So the question here we were | ooki ng at
froma policy perspective is if the state policy
and the questions cane to us sayi ng we need, based

on the introducti on of 3000, 4000 negawatts of
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wi nd, we need 300 or we need 600 negawatts of
st or age.

The answer is, if that's true, then the
way you're going to get that in the next three to
five years is either conpressed air or punped
hydro. You're not going to get that from in our
belief, at least in the research we've seen, from
flow batteries or fromlead acid batteries or from
fl ywheels. And dependi ng on how | ong you want
it. If we're tal king about storage that's
going to | ast several hours as opposed to severa
seconds for one of this application.

So we al so | ooked at the technol ogy,
itself. Now, obviously we are a strong advocate -
- I'"'ma strong advocate of energy storage
t echnol ogi es and working real hard to denobnstrate
t hose and nove those, but there's also a realistic
per specti ve.

I f storage becones a key el enent to
meeti ng our 33 percent renewable portfolio
standard in 2020, the m xture of storage is going
to be snoothing like this as opposed to us
investing in a flow battery or sonething, and
putting out 300 negawatt flow battery systens to

neet the needs.
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It's just -- and Robert may share | ater
sone cost nunbers. These technol ogies, also the
reason they're out there in the 100 negawatts,
when you build themthat big the price per
kilowatt hour is very cost effective for |arge
systens.

It's very expensive to get there, but
when you build | arge systenms it nakes sense. |If
you're building smaller systens, that's why these
systens are very promnent in the marketplace, is
it costs a lot to get these first two in the
field.

But if you're |ooking at hundreds of
megawatts that cost is there. [|If you're | ooking
at 1 or 2 negawatts, it doesn't nmke sense.

MR SH RMOHAMVADI : [|I'mstill at a | oss.
These nunbers woul d show where we can be in about
five years or so. 1Is it based on what the need
is? In other words, Cal-1SOtold you, I want 1000
megawatt of hydro versus that acid battery; or is
it based on your, the other view that what can be
done in five years?

MR GRAVELY: well, we'll let --
actually, Dr. Schai nker there actually devel oped

this research for us, so I'll let himhelp us.
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DR SCHAI NKER  Yeah

MR, GRAVELY: He can give the specifics
of the chart and also the data. But | think it
was the second part of your question.

DR. SCHAI NKER: Yeah. Dariush, good
questions. | actually developed this chart so
can talk to you offline if necessary. But the
fact of the matter is what this chart represents
is what is available. Not what the need is, but
what really is avail abl e.

In tune with what M ke just said, if the
grid, |SO operator needs, you know, 500 negawatts
of storage, or 500 negawatts of ranping and
regul ati onal, what is out there today and what we
predict would be there in the next five years to
actually deliver that -- and this is a good
representation of it.

Now, this is per nodule. This is
approxi mat e negawatt power | evels per nodule --

MR, SH RMOHAMMVADI : Ckay, okay, it's not
total --

DR. SCHAI NKER: Not -- now you could
have, if you had 10, 000 sodi um sul fur batteries
and they were all working well, yeah, then you

could probably deliver 500 negawatts. But that's
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unli kel y.

Per nmodule this is what's avail able
today. Not to say that we wouldn't need and I|ike
to have sonething better than that, this is what's
out there. And we shouldn't fool ourselves.

MR, GRAVELY: Ckay, thank you very nuch.
Interesting on schedule here, and I'"mgoing to
turn over the podiumto Gerry Braun and |l et Jam e
bring his presentation up. And thank you very
nmuch.

| woul d encourage you to take the
handout and provi de us questions across the area
also in addition to comments fromthe workshop.
Thank you.

(Pause.)

MR, GRAVELY: We're havi ng an unusua
problemwi th the technol ogy.

(Pause.)

DR. SCHAI NKER: W not only need a snart
grid, we need a snart projector.

(Pause.)

MR, DRACKER: Could |I ask another quick
question while they get that downl oaded?

MR GRAVELY: Sure. Just go up there;

I'lIl be glad to answer.
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MR, DRACKER: Just | ooking at that | ast
Vugraph, if you -- the equival ent of that \Vugraph
t hat you woul d have done in 1991 woul d have had a

macr oSMES on the far-left side at 500 negawatts,

there were utilities killing each other to be the
host utility for whatever, you know, the
macr oSVES

MR, GRAVELY: Well, the nacroSMES was a
denonstration unit.

MR. DRACKER: Ri ght.

MR, GRAVELY: There was not a commercia
unit avail able five years ago, yes.

MR. DRACKER: Right, but since 1991
we' ve had huge advances in cryogenics, in
superconducting materials and power el ectronics.
However hard it was to do nmacroSMES in 1991, it
shoul d be easier to do it today. Except we have
15 years of | ost nonentum

But ny question is a sinple one. |Is
that technol ogy dead forever?

DR SCHAI NKER: | would never use the
word forever in an R&D environnent that | support.
But generally speaking, what's happened with
macr oSMES, | arge, you know, 1000 negawatt five-

hour SMES, the engi neering test nodel that was
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bei ng | ooked at about 15 or even 20 years ago.

What ' s happened with SMES is that the
costs have tripled and quadrupl ed since -- even in
constant dollars. The cost to build SMES, even
with warm or hot superconductors at 77 Kelvin, et
cetera, rather than we were | ooking at 11 Kelvin
at that tine, but the costs have just gone way way
up.

MR, DRACKER: Ckay.

DR. SCHAI NKER: And what's happened with
SMES is that the only niche narket that | ooks
attractive with it today is for very short
di scharge tines, in seconds, --

MR, DRACKER: Right, | understand.

DR. SCHAI NKER: -- even half a second,
rather than in hours. That ETM devi ce,
engi neering test nodel, --

MR. DRACKER  Ri ght.

DR. SCHAI NKER: -- was | ooking at a
five-hour --

MR, DRACKER: Ri ght.

DR. SCHAI NKER: -- 1000 negawatt devi ce.
A five-hour, 1000 nmegawatt SNMES devi ce woul d cost
probably $30,000 a kilowatt today.

MR. DRACKER: Ckay.
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DR. SCHAI NKER: When we were thinking 15
years ago we mght be able to build it in those
dol lars, oh, for |less than $1000 a kilowatt. So
t hi ngs have changed dramatically for the bad side
on SMES.

And, yes, technol ogy's gotten better
but the cost has just far exceeded the
advancenents in the technol ogy.

Now i f somebody woul d ever devel op a so-
called roomtenperature super -- magnetic
material, the holy grail of roomtenperature, then
we'd have a whol e different picture with SMES.

But we're not there yet.

MR, BRAUN. Ckay, ready to go on. [|I'm
Gerry Braun; I'mgoing to talk about the flip side
of what M ke was tal king about. M ke tal ked about
adapting the infrastructure to renewabl e energy;
I'mgoing to tal k about adapti ng renewabl e ener gy
to the infrastructure.

I'"'mgoing to take it fromthe technol ogy
perspective to the resource perspective, and then
tal k about integration of different di nensi ons of
renewabl e energy integration. And then sone of
the prograns that we're |aunching to deal nore

directly with renewabl e energy integration issues.

PETERS SHORTHAND REPORTI NG CORPORATI ON (916) 362-2345



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

34

This is the no-silver-bullet chart. On
the | eft-hand colum you'll see the nmenu of
renewabl e energy technol ogies. Sone of themw ||
be fairly famliar.

At the bottom of the Iist,
appropriately, are sone of the | owhanging fruit
of renewable energy. W in California did a good
job in the 80s of |aunching sone renewabl e ener gy
i ndustries, but that was through PURPA. And what
we didn't | aunch were renewabl e energy industry to
deliver thernal energy, cooling, hot water,
heati ng and that sort of thing.

So, the other dinension is that
renewabl e technol ogi es either have econoni es of
scal e that make them want to be depl oyed as | arge
power plants, or they have nodularity that all ows
themto be depl oyed on buil di ngs.

And sone of them can scale in other
di rections such that sone of them can be depl oyed
in an internmediate scale that |'mreferring to as
community scal e.

Just to renmind us, as | said, California
was the | aunchpad of several of our gl oba
renewabl e energy i ndustries through the

i mpl emrent ati on of PURPA in the 1980s, i ncl uding

PETERS SHORTHAND REPORTI NG CORPORATI ON (916) 362-2345



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

35
the wind i ndustry, biomss and the concentrating
solar thermal electric industry.

And Cali fornia has anot her di nension
that's really inportant to renenber, and that is
relative to other countries and other states we
are renewabl e energy resource rich

We have the best solar energy radiation
for concentrating solar and total solar radiation.
We have the best geothermal resources. W have
wor | d-cl ass wi nd resources. And we have
substantial agricultural and forestry waste
st reans.

And we're al so renewabl e energy R&D rich
in the sense that one-third of all gl oba
i nvestment, venture capital investnent in clean
energy, nostly renewabl e energy, cones from
Cal i forni a.

And we have a | egacy of far-sighted,

r at epayer -funded R&D i n renewabl e energy. First
coupl e decades led by our utilities. And the
Ener gy Conmi ssion has picked that up and noved it
f orward.

We have actually in California also sone
policy or market interventions. Mddest, actually,

by gl obal standards. Over ten years an average 20
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to 30 percent subsidy for photovoltaics on
bui l dings. And a portfolio standard that
obligates our investor-owned utilities to bring on
significant additional quantities of renewable
ener gy.

This chart sone of you are probably
famliar with. 1've rearranged it a bit. The
over-arching policy in California that we're being
driven by is the AB-32, the reduction in
greenhouse gas eni ssi ons.

And then there are other policies that
i npact renewabl es at the different |evels of the
mar ket. The big renewabl es, we have the portfolio
standard; and the buil ding-integrated renewabl es,
we have, as | nmentioned, the California Sol ar
Initiative. And also the | EPR recomrendati ons
from 2007, which set a target of zero energy new
residential buildings by 2020, and zero energy
commer ci al buil di ngs by 2030.

And then in the md range we have sone
very specific bioenergy, biopower, biofuels
targets that really probably apply at the
community scal e.

We need to keep our thinking about

renewabl e energy integration in context. The
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gl obal investnent in renewable energy in 2007
approached $150 billion, which is two and a half
tines the total global investment in comrerci al
aviation. |It's not a snmall industry anynore.

What we're going to see as a result are
new t echnol ogi es that are being comercialized
el sewhere coning into the California market. And
we need to accomrodate that through our R&D
progranms and our policies.

| mentioned that renewabl e energy
i ntegration has nultiple dinensions. W!'re,

t oday, focused on the dinmension of integrating
supply and delivery. But we also need to think in
terns, at the building scale at |east, integrating
renewabl e energy and efficiency.

And in terns of nore traditional
electric system planning, we need to -- we used to
tal k about optim zing the cost of generation by
the appropriate | evels of basel oad, internedi ate
and peaki ng generation. Now we're kind of talking
about basel oad, internmttent and peaki ng
generation

We need to strike a bal ance bet ween
wher e renewabl es are depl oyed, whether at the

renpte areas where the resources are excell ent.
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O onsite in buildings. O in the |ocal
communities where there nmay be opportunities.

Size, as we tal ked about, we have
di fferent sizes of renewable options, just as in
the case of storage. And we need to consider
t hat .

Technol ogies, I'lIl talk about this a
little bit nore later, but we have obviously
commerci al technol ogi es and energi hg technol ogi es.
We need to account for that. And we are | ooking
at renewabl e energy technol ogies that will be
enabled in their integration of the market by
ot her technol ogi es, such as energy storage.

This is a conceptual chart, | would say,
it's not accurate. | borrowed it froma
coll eague. But what it does is help put in
perspective that we have different renewabl es
that -- renewabl e options and resources that wll
fit together in ways that create an opti num and an
econonically | east-cost nix of supply.

Basel oad resources, biomass and
geothernmal, internedi ate capacity factor resources
such as wind. and then solar, which is, as we
know, matches our peaks in California well. And

with the integrati on of energy storage, can be
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shifted around to perfectly match our peaks. So |
just wanted to kind of give you that perspective
that we could | ook for a renewabl e energy-based
future because we have the resources, the m x of
resources that other folks don't have, to work
Wi t h.

Commerci al versus energing. W're
tal ki ng here today about energing technol ogi es.
And | just decided to use the chart | showed
before to kind of differentiate between
technol ogi es that are commercial, are commercially
avail abl e, and those that are nore in the still-
devel opi ng cat egory.

And you'll see, if you scan across this,
t hat several technol ogies are both. W have,
particularly where there is substantial venture
capital investnent; we had a commercial nenu of
technol ogi es as in photovoltaics. And an energing
menu of technol ogies. Also, for exanple,
phot ovol t ai cs, biofuels and sone of the other
t echnol ogi es where there's substantial DOE or
venture capital investnent.

And sonet hi ng we need to account for
that it's not just the technology that we need to

look at in terns of differentiating comrerci al
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versus energing, it's the infrastructure to
del i ver the technol ogy.

And the picture here isn't quite as
heavy with -- in California. W have the
commerci al capacity in several of the big
renewabl es areas, and sone ot her areas. But,
agai n, because the thernmal renewabl es, renewabl e
energy heating and cooling technol ogies, didn't
benefit the creation of industries and retail
infrastructure in California did not benefit from
PURPA. So we don't have the | egacy of industries
that were spawned by previous policy
i nterventi ons.

And these can be very big contributors
in the future. And we need to think about themin
the integration context.

| want to turn to our research and
devel opnent prograns very briefly. | want to talk
about sone of the things that we are doing that
are ainmng our programnore in the direction of
i ntegration.

First of all, our renewabl e energy
col | aboratives, we sponsor these, the Energy
Conmi ssi on sponsors these. These are statew de

net wor ks of governnent, industry, environnental
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groups and educational institutions. You'll hear
fromone of our coll aborative | eaders | ater today,
Case Van Dam fromthe Wnd Col | aborative

The technical staffs execute
col | aborative research that address both the front
end, the headlights of our RD&D prograns, and al so
st akehol der priorities. And we have three
col l aboratives in place; a fourth dealing with
solar energy is being -- is in the formation
st age.

What we expect in terns of research
contributions fromour collaboratives. First, we
need, as | said, headlights, we need to | ook ahead
in ternms of the cost and perfornance that we can
expect from renewabl e energy options. And the
i nprovemrents that will be coning, driving by the
scal e-up of the industry, of the increnental
i nnovation that the industry will be doing
automatically as it conpetes.

We need to assess the next generation,
the energing technol ogies. And we, definitely
froma planni ng perspective, in terns of com ng up
with the opti mum m x and depl oynent of renewabl e
energy, we need technically validated supply

curves for all of our major renewabl e energy
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sour ces.

And we need to do that in the context of
scenari os that woul d achi eve even greater |evels
of renewabl e supply in the future.

What we're doing with the coll aboratives
is to try to stabilize the research prograns by
putting in place two-year funding for the four
col l aboratives. And we are |ooking to the
col | aboratives to create the kind of research
col l aboration that we were bl essed with in the
earlier stages in California, where the Energy
Conmmi ssi on, the Departnent of Energy, the
utilities and the research institutes of the
utility industry were all working together on
specific projects. And we're hoping to recreate
t hat .

So that was the research, the front-end
of our program | want to talk a little bit about
our devel opnent and denonstration strategies and
efforts.

We have three potential strategies. W
have a linited anount of resources that we can
apply to renewabl e energy R&D at the Energy
Conmi ssion. W coul d use those resources to

create new options, to inprove existing options,
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or to enabl e depl oynent.

And quite clearly, now that we have a
very aggressive RPS, our enphasis needs to be on
the latter. And so we are enphasi zi ng renewabl e
energy integration. And in doing that, we're
targeting the technol ogy gaps that occur when
you're trying to put new technol ogy i nto new
pl aces.

And al so optim zing the econom c val ue.
When we're tal king about a nmix of renewabl e energy
resources, we need to understand how that mix wll
occur at different levels in the market.

And then, of course, Mke and his
col |l eagues are working on the optim zation of
transm ssion distribution to acconmpdat e
i ncreasing | evel s of supply.

So we have three new prograns with
solicitations planned for later this year. One
deals with utility-scale renewables. And the
target really is enabling technologies. W're
| ooking at a situation where at |east in solar
thermal electric there's a devel opnent boom goi ng
on. Ray can talk about that a little bit later.
Proliferation of solar thermal technical

solutions. W need to really sort through that
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and hel p the policynakers sort through that.

Integration of thermal energy storage
and natural gas in solar thermal electric plants
is going to be a key issue. The existing plants
are natural gas hybrids. The future |ooks like it
wants to be nore integration with thernal energy
storage, but it may be that both hybridi zati on and
energy storage will work together. But perhaps in
di fferent ways than in the past.

And then we'll be hearing from John Zack
about forecasting. But thinking really broadly,

t hi nk about a building energy systemthat is
smart. For exanple, with solar sources, electric
and heati ng.

It will be helpful to have real-tine
forecasts of solar energy delivery to the buil ding
if it's smart enough to figure out what to do
ahead and has energy storage and that sort of
thing. So we have a | ot of potential need for
better, real-tinme resource forecasts in the
future.

And, of course, now we're focused on
what does Cal -1SO need. But there are a | ot of
ot her needs that will be served if we can bring

this kind of capacity onstream

PETERS SHORTHAND REPORTI NG CORPORATI ON (916) 362-2345



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

45

Qur targets for the solicitation, and
these are just sone of the targets, thernmal energy
storage and forecasting. And try and understand
t he high value integrated solutions that involve
storage and wi nd and sol ar and natural gas.

The second solicitation, this one is
probably the first one that will be coning out.
Related to this intermedi ate | evel of depl oynent.
We're calling it renewabl e energy security
conmuni ti es.

And there are many communities in
California that are actually | ooking to renewabl e
energy as an economni c conmponent, as a conponent of
their future economes. Trying to get to, you
know, full reliance on renewabl e energy.

And they're doing it for a reason, and
that is to stabilize their energy costs; to put
thenselves in a better conpetitive position; to
generate jobs; and their goals are going to be
stability for energy cost, for the |ocal renewable
energy resource. And they're certainly going to
i ntegrate renewabl e energy depl oynent with
effici ency and denand response capacity.

So, we're excited about this initiative.

Qur solicitation targets are to help the
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communities take the next step down the road,
addressi ng scal e-up risks and i nnovati on
opportunities that are avail abl e.

And actually build the technical
i nfrastructure. And one way we can do that is to
tap our university canpus comunities. Sonme of
themare well along toward this concept of
basically self reliance in terns of energy. And
they al so have the ability to train the next
generation of engineers and practitioners in this
ar ea.

Just to nention, we are planning for
this particular solicitation, and we'll be doing
this for all of the solicitations, workshops to
just tal k about the subject, to tal k about the
topic, talk about the issues and try to get input
to finalize the solicitations.

So we have three workshops schedul ed on
August 6th here at the Energy Conmi ssion; August
8th in Downey at Senpra; and the 12th at PGE in
San Franci sco.

| nmentioned earlier the -- and I'm
t al ki ng now about turning to renewabl e energy
secure buildings -- other parts of the world that

are noving forward with renewabl e technol ogi es in
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a different way than we are here in California.

| point to Europe in the case of
bui | di ngs. The European Uni on plus Switzerl and,
that's what the EU-27 plus CH is, have policies in
pl ace to encourage renewabl e energy heati ng and
cool i ng.

As a matter of fact, there are now | arge
conferences on that subject. Not here in the
United States, but in Europe. And in fact, Europe
is, in a very short period of tine, is at the
| evel of generating about a thernml gi gawatt of
heating fromjust solar collectors. Not
phot ovol tai cs, but thernal coll ectors.

So, we're | ooking at renewabl e energy
secure buildings. W'IIl have a solicitation in
this case. The technical gaps that we're | ooking
at relate nore to the products that will be
wanting to come into the market. And there's a
whol e set of technical infrastructure requirenents
there that we can support including testing,
eval uation and rating of products, product
i nnovation, field tests, codes and standards
support, and technical assistance to architects
and bui |l ders.

So we will be targeting these types of
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things in our solicitation. And we may take a
page out of the book of the efficiency prograns
and | ook at the possibility of a California
renewabl e energy product technol ogy center. So,
we're | ooki ng at some new approaches.

In summary, as |'ve said, we're seeing
t hat gl obal energy deploynent is going to drive
i ncremental innovation and cost reduction. That's
happening. W don't need to drive it from here.

We are, in California, the best venue to
under st and renewabl e energy i ntegration. W have
so nany resources, including the technical
capacity and the resources, and our utilities are
very progressive. W have the ability to |lead the
wor |l d i n understandi ng renewabl e ener gy
i ntegration.

We have to address all dinensions of
renewabl e energy integration. And there's nore
than just the supply delivery di nension

We need to | ook at scenarios for a
totally renewabl e energy based econony. And we
have a somewhat uneven industrial capacity in
ternms of renewabl e energy supply. W need to kind
of balance it out. Right nowit's all electric.

But the thermal uses of renewabl e energy are going
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to be inportant.

So, our priorities, research that's
driven by the vision of a renewabl e energy based
econony. And devel opnent and denonstration of the
hi gh val ue i ntegrated sol utions.

Thank you very nuch. And | have |eft
about five minutes for questions.

Rober t.

DR. SCHAI NKER: Gerry, Robert Schai nker.
I really appreciated your presentation and thank

you very nuch.

In particular, | had never seen this
concept before -- but it really is quite
straightforward now that | think about it -- is

the idea of having base, internediate and peaki ng
renewabl es. That slide you showed was very
informative, so | thank you for that.

My question, though, is alittle
different. And that is, and | would think that
you have this, | just didn't see it in the slides
yet, the carbon di oxide savings that would occur
for different anounts of penetration of various
types of renewables. |'m sure you have that, but
it would seemthis would be very inportant to

present to particular political audiences in the
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st ate.
So, maybe you want to comment on that.
MR, BRAUN: Yes. And | wel cone that
comment and | agree with it. And | would nmention
that | think one of the next things we need to do

is to look at the CO2 inpact of sone of the
heati ng and cool i ng options.

You know, 15 percent of our residenti al
energy consunption is water heating. You know, we
have states that are basically saying all new
wat er heaters are going to be solar. W haven't
gotten to that point, but that could have a big --
you know, that would have a nmaterial effect on our
gr eenhouse gas targets.

And, as you know, as we all know, that
hal f of our energy supply goes into buil dings.

And a big share of that is heating and cooling.

And so | think that when we | ook at
t hose nunbers we're going to be inpressed by what
m ght be possible. And having said that, | would
say that, you know, we don't have the bl essing of
an industry out there that is, you know, doing the
work that has to be done to get the policies in
pl ace that are needed for this to support the kind

of depl oynent we need.
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There's kind of a chicken-and-egg thing.
You need the industry first, and they pronote the
policies, and then the policies cone and pronote
the industry. W're starting from al nost a
standi ng start here.

O her questions? Okay, naybe we've nade
up about three m nutes on our schedul e.

(Pause.)

MS. MARKS: |'m Jaclyn Marks and |'m a
policy analyst at the California Public UWilities
Conmmi ssion. | work on inplenenting and devel opi ng
policies for the renewabl e portfolio standard.

And | would like to thank Gerry for the
opportunity to be here today, and al so for your
very informative overview of PIER s new direction
on renewabl e energy research, devel opnent and
denonstration. And your focus on enabling

t echnol ogi es.

I think what |I'm going to present here
today will conpl enment the work you're doing. And
I'"'mreally excited about that because with linited
state resources we always want to make sure that
we're conpl ementi ng each other's efforts, and not
duplicating them

My first caveat is |'mhere to speak
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mai nl y about the energi ng renewabl es resource
program But this program has not yet been
approved by the PUC. It's a proposed deci sion at
the tine. So when | say we, |I'mnot actually
speaki ng for the Commi ssion. |'meither speaking
on behalf of ny own views, or the views of ny
col |l eagues in the energy division.

So, last July PG&E and SDG&RE fil ed the
ERP application. And the primary ERP activity
that the utilities are requesting is to
denonstrate renewabl e resources or technol ogi es
that have conpleted preli mnary assessnent or
testing, but require performance validation to
confirmtheir feasibility for comrerci al use.

So the focus is on denpbnstration to
bridge the gap -- to bridge the valley of death
for nostly energing renewabl e technol ogi es,
generation technologies. But this also could
i ncl ude enabling technol ogi es such as storage or
ot her technologies that facilitate grid
i ntegration.

P&E requested $30 nillion over two
years, and SDG&E requested $15 mllion over two
years. And many are probably wonderi ng what about

Sout hern Cal i forni a Edi son.
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Well, SCE did not participate in the ERP
application. Last March they filed their own
application for a renewabl es integration and
advancenent program Their request is for $30
mllion over two years to focus primarily on grid
i ntegration.

That application is still under review
at the PUC. It's in the very early stages. And
one question we are exploring right now is what
are other state agencies or private conpani es
doing in this area, so that we avoid duplication

So, | could see a lot of work that PIER
is doing in that regard. So | think this has been
a really great discussion so far

P&E and SDGEE t oget her have only
requested funding for three projects. Once the --
if the application is approved they will subnit
requests for additional projects.

And the three projects at the tinme
i nclude a UC Merced solar testing center. PG&E
requested $2 mllion to fund the center. That's
only part of the funds, and they woul d be | ooking
for funds from ot her sources.

For a wave connect project to test new

wave ener gy devices across the Mendoci no- Hunbol dt
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coast. But that project is still in the very
prelimnary stages. So the npbney they're
requesting at the tine is for a feasibility study.

And then a wast ewat er bi onet hane
denonstration plant in San Di ego to denonstrate
the feasibility of turning wastewater, natural gas
into pipeline quality natural gas.

So, we in the energy division see the
ERP program consi stent with the central
recomrendati ons of the econonic and technol ogy
advancenent advisory committee, the ETAC, to AB-32
and limtation. They're advising the Air
Resources Board on emergi ng technol ogy i ssues.

And one of their central recomendati ons
is to pronote clean energy innovati on and
commercialization, especially denpnstration
finance for clean energy.

And one quote that | thought was
particular significant relates to the rationale
for approving ERP is, in the view, absence of
fundi ng for project denonstration is a significant
i npedi ment to the maturati on of new t echnol ogi es.
And it's consistently identified by thought
| eaders as a nmajor gap in the financial

architecture of cl ean energy.
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Publ i c sector nmanagers view
denonstration as the responsibility of the private
sector, while private sector investors viewit as
too risky. So this is really one of the main
rati onal es for doi ng denpnstrati on technol ogi es.

In terns of the CPUC s rationale for why
ERP is inportant, we, in the energy division,
think that it fills a gap, an inportant gap, in
the RPS program The RPS was desi gned for
commercially proven projects, not enerdging
technol ogi es. And our current contract eval uation
protocol s are not designed to eval uate
precomrerci al technol ogi es.

So the utilities have subnitted power
purchase agreenents for our approval for energing
projects. And a |lot of these projects are
significantly greater than the market price
referent, the MPR, and require above-nmarket funds.

So, in our view, it would be nore
efficient to help denonstrate that project first,
you know, to spend | ess noney on the denonstration
than pay for the above-nmarket funds, which are
limted.

So, another rationale that our

conversations with the i nvestnment community, the

PETERS SHORTHAND REPORTI NG CORPORATI ON (916) 362-2345



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

56
val ue of a power purchase agreenent for an
unproven technology is less than a PPA with a
proven technol ogy, even if, you know, this new
project has a PPA, it's still not necessarily
going to get the financing it needs to be built,
because the technol ogy isn't proven.

So, rather than conmitting the linmted
above- nar ket funds for power purchase agreenents
wi th energing technol ogi es, we're encouragi ng the
utilities to use ERP as a nechani sm towards
denonstrati ng and appl yi ng these technol ogi es
towards commerci al i zati on

We al so view ERP as an inportant
mechani smto reach the 33 percent RPS by 2020 and
the 2020 AB-32 goals. These statew de nandates
have contributed to increased demand for renewabl e
energy. We've seen a linmted supply in
California. And as a result of these factors,

i ncreasing prices.

We're al so seeing conpetition from ot her
states for renewabl e energy. They have their own
RPS nandates. So we see ERP as a way to reduce
t hi s i mbal ance between supply and denand by
i ncreasing the supply of energy technol ogies. And

as a result this could help alleviate pressure on
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renewabl e prices.

So, in order to insure these benefits by
2020 we' ve established three guiding principles
for ERP. The first, projects must possess
efficient renewabl e potential to address state
renewabl e and cli nate change goal s.

The second gui di ng principles, that
proj ects must achi eve commercialization at a
conpetitive price within the 2020 ti nefrane.

And third, ERP nust benefit California
rat epayers through either devel opi ng technol ogi es
specific to California and the western region, or
coordi nati on between | OUs and ot her energi ng
technol ogy progranms to avoid duplication

So, as | nentioned at the beginning,
it's really inportant to us that we work together
with PIER and that we coordinate with PIER so that
we're not doing the same types of funding.

One thing we had reconmmended in the
proposed deci sion was to do an investnent, a
renewabl e technol ogy assessnent report, to assess
the gaps. And | was very excited when | saw on
Gerry's presentation that you're al ready doing
that. So, it's definitely a clear area where your

research is going to help the utilities in
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reachi ng their goals.

And that's pretty nmuch where we are
right now with the energi ng renewabl es resource
program It still needs to be voted on by the
Conmmi ssion. But we do have anot her programthat
t he Commi ssi on has al ready approved, and that's
the RD&D program for the California Sol ar
Initiative.

That was approved | ast year and that is
a $50 mllion budget until about 2017 to fund
di stributed solar technologies. And $10 million
has al ready been allocated to the Heli os project,
to building the construction of the Helios
project. And one of their goals is | ow cost
sol ar.

And one key distinction between ERP and
the CSI programis ERP will focus on utility-scale
renewabl es, while CSI focuses on sol utions,
denonstrati on of and enabling technol ogi es for
di stributed sol ar.

So that's pretty nuch it. That's what
we're doing now. And |I'm happy to take any
questi ons.

MR, SH RMOHAMVADI :  Jaclyn, this is

Dari ush Shirnmhammadi with OGak Creek Energy. Do
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you have a presentation for what you just talked

about? Do you have a witten presentation?

M5. MARKS: | have notes, so |'m happy

to share themw th you afterwards.

MR SH RMOHAMVADI : |
t hat .

MR, DRACKER: Jacl yn,
explained this and I nissed it,

to be an ongoing program WII

do appreciate

you ni ght have
but is this plan

you do -- do you

do solicitations every year, every other year?

And what's the vision for how the funding wll

grow or stabilize or drop because of the budget

crisis, or whatever?

M5. MARKS: Right, that's a great

question. Right nowthis is presented as a two-

year pilot program And then after two years we

59

will reevaluate the programto decide if there's a

need for the programin the future, and what

changes we should nake to the program at that

tinme.

MR, DRACKER: Ckay.

MS. MARKS: Ckay, thank you very nuch.

(Pause.)

MR. BRAUN: Qur next presenter wll be

John Zack with AWS Truewi nd. W've had a good
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col l aboration with John and his conpany in our R&D
efforts in wind energy. And wel cone John to the
podi um

DR. ZACK: Thank you very nuch, Gerry.
I'l'l be tal king about the wind forecasting efforts
to i nprove renewabl e penetration

The outline of ny presentation is that
I'I'l start talking a little bit about the
chal l enge of wind, and in general, geophysical
renewabl e forecasting. And talk a little bit
about the nethods that we use to forecast tine
scal es and how t he needs chal | enges vary over
different tine scales. And then the operational
use of forecasting right now, as well as sone
comment s about the val ue of forecasting.

So, first, sone comments about the
fundanental need, which is to predict the power
production of individual wi nd generation resources
or aggregates of those resources over sone desired
time interval froma few m nutes ahead to nany
hours and even days or weeks or npbnths ahead. So
there's a need over a wide variety of tine scales
and over different spatial scales from an
i ndi vi dual resource out to aggregates of those

resour ces.
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And t he neteorol ogi cal problem
corresponding to that is to predict the w nd
speed, direction and air density at each turbine
| ocation on each of the windfarns on the sane tine
i nterval s of | ook-ahead peri ods.

And that translates into a huge
chal | enge neteorol ogically because of the
variations in wi nd and ot her atnospheric
vari ables, as well, are driven by atnospheric
features that originate and evol ve and di ssi pate
over a wi de range of space and tine scal es under
the control of a broad spectrum of physical
pr ocesses.

And unfortunately, the current
observati onal systens are able to neasure only a
snmall fraction of that variability. So we're
handi capped with the fact that there's a huge
range of processes going on and we can only
observe a fraction of those. So we're quite at a
di sadvant age when we start out trying to forecast
wi nd or solar or other atnospheric variables, as
wel | .

So the way we neet the chall enge, and
this applies to the forecasting comunity, as a

whol e, though here I'm specifically depicting the
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ewi nd system which is AW Truewi nd forecasts, in
the chart on the right there.

And this is conposed of a combination of
physi cal, also known as NWP or nunerical weat her
predi cti on nodels and statistical nodels. And
this is generally true of nobst forecast providers.

So the spectrumyou see on the right, it
is true not only of the Truewi nd system of nost
provi ders that provide renewabl e forecasts for
sol ar or w nd.

And there's a diverse set of influence,
wi dely varying characteristics. You see those on
the left, ranging froml arge-scale nodels run in
governnent centers to regional weather data, to
the data fromthe wi nd power facilities,

t hensel ves, and offsite net data.

And the inportance of the specific
nmodel s and data types vary with the | ook-ahead
period. So, for a short-termforecast it's
different in terns of what's inportant, what data,
what nodels than it is for a day-ahead or nany-
day- ahead forecast.

And it's also inportant to realize that
the different forecast providers vary in the way

they use the data and the nodel. So sone
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providers will rely on certain types of npdels
nore than others, and not even use certain types
of nodels and rely totally on other types of
nmodel s.

So I'"'mgoing to go through briefly the
f undanent al conponents of the system One is, as
I nentioned, these physical nopbdels which are the
numeri cal weat her prediction nodels. And they're
based on differential equations for basic physical
princi pl es, conservati on of nmass, nonentum
energy. These are close to what you may know as
conputational fluid dynanic nodels. And these are
really CFD nodel s and adapted for atnobspheric
pur poses.

And t hese solved on a three-di nensi onal
grid, and you have to start out by specifying the
initial value of all the variables for each grid
cell. On the right you see an exanpl e of an NW
nodel grid. And those are wi nd vectors over the
Bay Area, San Francisco, and part of the central
val | ey.

And t hese nodel s sinulate the evol ution
in the atnmosphere over a 3-D volune. In order to
start out that process you have to specify the

val ue of tenperature, pressure, w nds, all the
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basi ¢ vari abl es of each one of those cells. You
don't have neasurenents in every cell. And that's
the source of a lot of the uncertainty, is that
each cell needs a value, but you only have
measur emrent s separated by naybe 50, 100, 200
kilonmeters. And it's in three di nensions, not
just in the horizontal plane.

So you can appreciate this is a huge
problem there's a |lot of uncertainty as you start
out, not knowi ng the state of the atnosphere. And
the nodels predict the state of the atnobsphere
fromthe initial state quite well if you know the
initial state.

As you can see, because of the
uncertainty to specify the initial values, you
don't know the values of the initial state at
every one of those grid cells.

So sone forecast providers rely only on
gover nnment -run physical nodels. Qhers run their
own nodels. And the reason why you m ght run your
own nodels, as we do at Truewind, is to optim ze
and nodel configurations for the forecasting of
near - surface w nds.

And the NWP run at governnment centers is

optinm zed for tenperature and precipitation
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forecasting for typical public applications.

They' re not designed for specific applications of

near -surface wi nd forecasting. And they al so can

use hi gher horizontal vertical resolution on a

t hree-di nensional grid. And the
nodel s, because we can focus that

a given area. W can -- sinulati

gover nnment
resol uti on over

ons nore

frequently. W can incorporate data used by

governnent nodels. And we can al so execute a

nunber of sinmulations that will have the

sensitivity of the nodels for near-surface w nd

forecasting, something we call ensenbles. And I|'1]1

nention a little bit nore about t

hat in a m nute.

The ot her conponent of the statistical

nmodel s, and many of you are fanil

iar with these,

these are enpirical equations derived from sone

training sanple. They have predi

ctor data and

then you derive a nodel. And there are nany

nodel - generati ng net hods, |inear,

regr essi on,

neur al net wor ks. And we use a nunber of those

wi thin our forecast system as do nost forecast

provi ders.
And the role of stati st

correct systenmtic errors in the

ical nodels is to

NWP f or ecast s.

So those statistical npdels, they don't have al
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the details of the surface of the earth and ot her
physi cal processes exactly accurate, do accunul ate
sone systematic errors, and the statistics are
there to correct that.

And they al so have the | ocal processes
that are snmaller than the grid cells in the NW
nodel. And we can al so incorporate additiona
observati onal data that was received after the
| ast NWP nodel run, or that's not effectively
i ncl uded in those physical npdels.

And we can al so conbine net forecasts
and power rating to power predictions directly,
which is what we call an inmplicit plan output
nodel which bring ne to the third type of nbpdel
t hat we use.

So there's three types of npdel s that
are prominent in these forecasting systens. The
physi cal nmodels or NWP nodel s, adjust the NW
output. And then the plant output npdels, which
are really the relationship of nmet variables to
power production for specific wi nd generation
resource

So, once you have a net forecast, w nd
di rection, wi nd speed and so on, you have to

produce a power production forecast. You need
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that rel ati onshi p.

And these nodel s can be statistical or
t hey can be physical, and they al so can be
implicit or explicit. |In fact, you can have an
actual planned out put nodel or you can have a
nodel that's inplicit in your statistical nodels
that | was referring to previously.

And the role of these plant output
nodels is to nodel the facility scale variations
in wind anong determ ned sites. So, from one
turbine to another, the wind varies on a ninute-
by-m nut e, hour-by-hour basis.

So the NWP nodel s nodel on a | arger
scal e fl ow of general conditions for the w nd
facility. Then the planned out put nodel has to
estimate how nmuch the wind varies from one turbine
to another, the turbine |ayout effects, the w nd
effects and other operational factors such as how
many turbi nes are avail able, the turbine
per f ormance characteristics and so forth. So,
that's the three main conponents of a forecast
system

And the fourth concept that cones into
the forecasting process is the notion of forecast

ensenbl es. So this is based on the idea that
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there's uncertainty present in any nmethod due to
the i nput data, the nodel type and the nodel
configuration.

And the ensenbl e approach is to perturb
the i nput data or nodel paraneters within their
range of uncertai nty and produce a set of
forecasts, an ensenble, if you wll.

And the benefits are that an ensenble is
often the best forecast, rather than any one
i ndi vi dual forecast. And the spread of the
ensenbl e provi des a case-specific neasure of a
forecast uncertainty. So now we can | ook at one
set, one tine period, or one set of days in which
the forecast may be nore uncertain than in the
others. And this is a way of estimating what that
uncertainty is.

So, in terns of forecast products we
have a number of forecast products produced. And
the nost direct is the determ nistic predictions,
which is the nost likely negawatt production for a
specific tine interval. And this can be tuned to
m nimze the perfornmance for a certain netric,
such as the root nmean square error or the nean
absol ute error.

So when you invent a determninistic
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prediction it's minimzing sone property of the
forecast, you know, the mean absolute error or
sone statistical aspect. And when you tune it for
one paraneter, you nay nhot hit optinmal performance
for a different parameter. That's sonething to
keep in m nd

Now, if you have perfect determnistic
forecasts, then you wouldn't need any other types
of forecasts because you have the answer.
Unfortunately, as you know, we don't get perfect
determ nistic forecasts in the actual negawatt
value for any tinme interval you want.

And that leads to things |like
probablistic predictions. W have confidence
bands. Qur probability of exceedance val ue.
There's a certain probability of exceeding a
certain output for a certain period of tine.

And then there is forecasts of events.
The probability of a certain type of event
occurring in a specific time window And
typically those events are | arge changes i n power
producti on up or down ranps, as they are referred
to. So you can |look at the probability of the
event or the nost likely values of the event

parameters such as the anplitude of a ranp, or the
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duration of a ranp.

So that gives the operator a warning
over a tine wi ndow that he nmay have a certain
event which nay be different than the
deternministic prediction, which tells you the nost
l'i kel y val ue of negawatt production

And then there's the situational
awar eness products. So that if you use this in
the forecast you can be aware of significant
weat her regimes or get a feeling for the
geographic patterns of the way to get confi dence
in the forecast predictions that are explicitly
made either deterninistically or probablistically.

Now ti me scal es are very inportant when
it comes to both using and neking forecasts. On
the use side, in the short term ni nutes-ahead,
that's the regulation tinme scale where there's
real -ti me di spatch deci si ons nade for energy
ancillary services. So that's one tine scal e of
i mportance to users.

Hour s- ahead, you know, one to six
typically. Load-follow ng issues. Short-term
adequacy anal ysis occurs in that tinme scale. And
we're tal king about the next operating hour unit

commitnent. So, that's a different application of
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the forecasting process.

And day-ahead, tal king about the day-
ahead unit commitnent. Ancillary services
forecasting as opposed to dispatch. And then nost
trading activities occur by the market
participants in the day-ahead tinefrane.

And nultiple days ahead we're talking
about the |ong-term adequacy anal ysi s.

And the forecasting problem al so changes
by time scale. On the short tine scale, ninutes
ahead, we're tal king about forecasting |arge
eddi es or turbulent nixing transactions froma
turbul ent regi me, maybe, to a | ess turbul ent
regi me.

These are very rapid and erratic
processes that occur on very short tine scales.
And they're nostly not observed by the current
sensor network. You don't have any way of know ng
where these eddi es are, or what the profiles of
turbulent mxing are. So it's very difficult to
make forecasts in this tinme scale. It's hard to
beat a persistence forecast, which is what you
have now. And it's often your best forecast for
m nut es ahead.

And we tried to inmprove upon that by
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usi ng what we call autoregressive trends.
Basically sayi ng what's been happening at the
wi ndpl ant over the last five nminutes or ten
m nutes. And extrapol ating those trends forward
intime in sonme way, perhaps working i n whatever,
ot her weather, offsite weather data we ni ght have.

And it would be hel pful to have high-
resol ution three-di nensi onal data fromrenote
sensing to help map these features that would help
i mprove those forecasts.

On the hours-ahead tineframe, the
problems a little bit different. There's
circulation features such as sea breezes,
nountain-valley -- are larger. They're still
rapi dly changi ng and have short lifetines. But
they can be partially sensed with the current
sensors. W can detect their existence, but not
very nuch about their structure.

And we use a mx of all our regressive
trends with offsite data. And the NWP starts to
becone nore val uabl e here because now we can start
toinitialize all those grid cells on this scale.
Renmenber on the m nutes scal e turbul ence, we can't
initialize the NWP nodel. W have no data on that

ti mefrane.
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And i f we have three-di nensional data
fromrenote sensing we can really inprove the
hour s- ahead ti nefrane. Now, days ahead, the
i nportant -- systens here on the | ows and hi ghs,
and you see the nightly news or in the newspaper;
and these are slow ng evol ving features that have
long lifetimes. They've been well observed with
current sensor network.

And NWP does really well. As |
ment i oned before we use statistical adjustnents
that correct the systemerrors, but we're able to
define the initial state. And on the day-ahead
ti meframe, numerical weather prediction nodels do
quite well. Although we can al ways use nore data
in the data-sparse areas, such as here in
California. Over the Pacific Ccean, a huge data-
sparse area and affects the accuracy of the day-
ahead forecasts and beyond.

So, in ternms of forecast eval uation
i ssues, the eval uati on approach depends on the
type of forecast, whether it's determ nistic or
probablistic; whether you're | ooking at hourly
values or mnute values or daily values. O are
you | ooki ng at events, ranps. So there's

different types of forecasts, you have to eval uate
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themdifferently.

For a deterministic forecast standard
metrics include the Bias, nean absolute error and
root mean squared area, neasures the overall size
of the error in different ways. And focusing on
maybe your snmaller errors or bigger errors. But
you're |l ooking at the typical size of errors when
you' re evaluating determ nistic forecast.

And you al so | ook at error frequency
di stributions; say, how often do you make an error
that's larger than say 20 percent of capacity, or
sone nunber that you might be interested in.

Now, probablistic forecasts are
different. They're never wong in the sense that
you have an error for specific forecasts. So you
can't get the error of a specific forecast
probablistically. You have to | ook at the
reliability. |If you say there's an 80 percent
chance of sonethi ng happening, does it really
happen 80 percent of the tine. That's
reliability.

And sharpness is the degree to which you
can discrin nate between events or values. As |
say, there's a hundred percent chance that we'l]l

have power froma wind plant, I'll be reliable,
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there will be power fromthe wi nd plant a hundred
percent of the tinme, right. But that doesn't give
you any sharpness to differentiate that you'll be

able to differenti ate between cases where you have
| ower power or higher power output. So the

sharpness is the other aspect of a probablistic

f orecast.

Now event forecasts, the ones with a
di fferent approach, you have to | ook at the -- and
it's deterministic -- a hit rate, a false alarm
rate. |If | say, in effect, it will occur, will it
actual ly occur; how often; or will it not occur

and be a false alarm So there's a different way
of evaluating the event-oriented forecast.

And we al so nust consi der the objective
of the forecast, that forecast can be optin zed,
as | nentioned before for specific netrics. So
you should really evaluate a forecast based upon
its objective. And also based upon what
information's relevant to the user, you know.
What's the user's cost function in the application
of the forecast.

So, in terns of typical range of
forecast accuracy, you see in the chart on the

right, it's for an individual windfarm The
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forecast tine step of one hour. Size of the
aggregate and the tine scale does matter. And you
wi Il have forecast error typically increases very
rapidly in the first few hours because of the
accunul ation of the error fromall those small -
scal e features that we don't nodel very well,
don't neasure very well.

But then it tends to flatten out as you
go after about six hours or so. You see the nmean
absolute error as a percent of capacity, levels
of f sonmewhere around 15 percent or so as you go
past the 12-hour | ook-ahead point. And this is
because in a day-ahead node we do a pretty good
job. As | nentioned, NWP nodels forecast quite
wel | because they have the data, they can sinulate
t he at nosphere on the |l arge scale quite well.

So you don't accunulate error as rapidly
after about, you know, 6 to 12 hours. It's a
snall scale, it's very hard to neasure, very hard
to predict with the tools that we have ri ght now.

Now, there's always the issue of
forecast conparison, what forecast is doing
better, what nethods are doing better. And
conpari sons are conplicated by the fact that

there's a lot of factors that affect the forecasts
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performed as beyond the nerits of an individual
forecast or individual nethod.

| listed a few of them here. |'m going
to nention just a couple of themin a little bit
nmore detail. The regional aggregation, the
quality of the data fromthe wi nd plant.

So, in terns of regional aggregation,
this is an exanple fromthe Al berta forecasting
pilot project that ran from May of 07 to April of
08. There were three forecast providers, two from
Eur ope and AWS Truew nd.

We forecasted for 12 farms, for one- to
48- hour period ahead. And you'll see the nean --
nunmber of mean square area on the right, here for
| ook- ahead periods going fromzero to 40 hours.

And the interesting thing is the topnost
l'i ne, the darker blue, root nean square error for
t he wi ndf arm average, which is about 50 negawatts
per farmin this case.

And then the lighter blue line there is
t he regional average root nmean square error for
the forecast. There are four regions in this
project, 158 negawatts per regi on on average.

And then the red line there is the

system the root nean square error. And you can
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see, because of the aggregation the regional day-
ahead forecast is 15 to 20 percent |ower than for
t he i ndivi dual farns.

So you get a 20 percent inprovenent in
your root nmean square error just because you
aggregated your regions. Now, 50 negawatts to
about 158 negawatts.

Then you go to the systemwide in this
case a little over 600 negawatts, you're 40 to 45
percent better than forecasting for individual
farm You haven't done anything differently.
It's just because the randomerror for the
i ndi vidual farms, to the degree that they're not
parl ayed, it will offset each other.

So, this aggregation effect sonetines
| eads to confusion in evaluation of different
forecasts. There was a group that went over to
Spain to | ook at the Spani sh TSO use of
forecasting. And they cane back and reported that
the accuracy of their forecast systemis
phenomenal because they reported that there was
about 5.5 percent root nean square error for 48-
hour - ahead forecasting. You'll notice, quite a
bit | ower than what we were getting in Al berta.

And the reality of it is that that is
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not so phenonenal because you have to consi der
t hat the Spani sh system has about 15, 000 nmegawatts
install ed, 575 wi ndparks, average about 30
megawatts per park. And the peak generation is
about 10, 000 negawatts.

So when you | ook at the size and
di versity of the system you have a nuch | ower
mean square area. So if you' re conparing what was
done in a systemlike this conparing to say
Al berta where you have a small system a virtually
i ndi vidual farm that the nmgnitude of errors are
much different. So you have to keep that in nind

Now, another factor that affects
performance quite a bit and often beyond the
control of the forecast is the availability of
quality data of the wi nd generation resource.

This is an exanple from California. On
the left is a reference wi nd generati on resource;
and on the right is one that's adjacent to that.
So these are right next to each other. And one
provi des much higher quality data than the other.
The one on the left has six net towers and reports
availability pretty reliably.

On the right availability is nore of an

i ssue. You can see w nd speed versus power there.
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And there's a |ot nore spatter because there's
only one net tower. And they weren't quite as

reliable about reporting outages so you get a | ot

nore spatter. O as even wi nd speed, it's nore
uncertain what the power production will be.
You will have the annual MAE, nean

absolute error. The one on the left, which has
better data, renenber these two are right next to
each other, adjacent, see the sanme wi nd regine,
all the forecast nethods are the sane here.

And you can see 11.3 percent annual nean
absolute error for the better data provider. And
for the other data provider it was not quite as
good, 14.6 percent. So that's a difference of
about 3.43 percent of capacity. That's over 30
percent difference in error relative to that 11.3
percent. Just because of the quality of data from
the wind facility, itself.

Now, in terms of where we are on
operational use. Forecasting in the U S. right
now. This is an overview of the use of
forecasting by U S. bal ancing authorities. So,
California | SO using forecasts for their PIRP
program which was inplenented in 2004, this is

reused for market purposes only, not for grid
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operations up till now.

Then we deliver hourly forecasts for
four- to ten-hours ahead for this program And
once per day day-ahead forecasts at 5:30 a.m And
there's an RFP process right now to expand the
scope and use of the forecasting services. And
the idea is to bring that into the grid operations
procedure as we nove forward here.

Now, ERCOT in Texas began operation of
forecasting July of this year, about 30 days ago.
And we are the forecast provider, and provi de one-
to 48-hour-ahead forecasts every hour there. And
they are using it for the managenment of grid
operations, but they just got started with that,
so it's still in the shake-out period as to what
do we do and how do we use these.

New York | SO al so began, curiously
enough, July 1st. And we're working with themto
provi de forecasts. And they have a slightly
di fferent node. They get 15-minute forecasts for
zero to eight hours out at 15-mnute intervals.
And they're updated every 15 minutes, and they're
on 15-nmnute intervals. And they're tw ce per
day, two cal endar day-ahead forecasts. So 4:00

a.m and 4:00 p.m we have the two-day-ahead
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forecast. And the short-term forecast, one-hour-
ahead tinefrane, are used for grid nmanagenent
oper ati ons.

The M dwest I1SO recently selected a
forecast provider. They're going to go ahead with
a centralized forecast system W're not the
provider there. | don't know all the details.

And PIMis in the process of a
forecasting procurenent. It plans to have an RFP
out in the fourth quarter, and forecasting
sometime in 09.

And Bonneville Power is also |ooking at
forecasting options. Right now they get forecasts
fromindividual plants. And each plant can decide
how t hey forecast.

So, just a few words about the
California I SO PIRP program It's a voluntary
program resources can opt in or out hourly. In
order to participate they have to pay a
forecasting fee, which is currently 10 cents per
megawatt hour. And they have to provide real -tinme
data, according to the PIRP protocols. And they
have to schedule to the PIRP next operating hour
forecasts. [It's a four-hour-ahead forecast.

And if you do that and you're part of
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the program there is a reduction in market price
risk. There's also an exenption from sone of your
syst em nanagenent charges. And you al so get an
hour - ahead, a day-ahead forecast for other uses,
as wel | .

And right now PIRP is only w nd,
al t hough the processes and notion to include sol ar
probably by 09. There's a whitepaper on the PIRP
page of the California | SO website tal ki ng about
the requirements for the solar aspect of PIRP.

So, in terns of the obvious question is
the value of forecasting. How nuch is it worth,
and it's a hard thing to quantify. It's still
under debate.

Val ue cones from many different
i nterconnected ways. There's savings fromthe
efficient selection of generation m x.

Maintaining grid reliability; market activities.
And there has been some recent grid integration
studi es that have attenpted to quantify cost
savings here in California, as well as New York
i ntegration study. One done in Irel and.

And they all have pretty nmuch the sane
flavor, which on this slide here, a couple of

charts. This is a study that was done by GE with
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AWS as a subcontractor. Considered four different
scenarios. Two of them were for 2010, one 20
percent renewabl e energy and one with 33 percent.

The val ue of day-ahead forecasting was
anal yzed for both of those scenarios. And you can
see charts on the right there which | ook at the
reducti on vari able cost according to these
scenari os. And they consider the day-ahead
forecast and the variations in spot prices and
fuel displacement.

And the bottomine is that the state-of-
the-art forecast, according to this study, saved
about 75 nmillion a year in the 2010 -- scenari o;
that's the 20 percent. And then in the 33 percent
renewabl e scenario, it was $175 mllion savings.

And a large fraction of potential
savings froma perfect forecast can be realized
right now And if you |l ook on the right there,
the light yellow bars are the difference between
what you get with a perfect forecast, in terns of
savi ngs, and the state-of-the-art forecast.

And while there's roomfor an additiona
savi hgs, you can see that nobst of the savings,
according to howthis -- and the simlar results

were obtained in New York -- cone fromthe current
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state-of -the-art forecast. And there's a |lot of
value right now And a little bit nore val ue
woul d be realized by inmproving forecasts, but the
val ue can be realized now

And anot her inportant point here is that
nost of the savings are realized by nonw nd
generators. And the chart on the right there
showi ng that solar, and | should say hydro and
nucl ear actually realize a |ot of the savi ngs when
you have forecasts. Though, if you don't use
forecasts, the chart at the right, the costs go up
for the other generation resources.

So, finally, just a look to the future.
How wi I | forecasts inprove? | have the top three
listed there. Three and two relate to better use
of nodels, either by inproving the nodel or using
cheaper conputer power to neke better use of those
nmodel s. And, in general, nodels are ahead of the
data right now. So the real inprovenent in
forecasts is going to conme fromnore and better
dat a.

And a lot of this potential is on the
zero-to-six-hour tinefrane. Remenmber, 1 tal ked
about we don't neasure the snall-scale features

very well. W can't use NWP nodels very well on
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that ti mefrane.

So, as we get new renpte sensing tools

we'll be able to better neasure the snall er scale
features, and that will open the door to better
zero to 6 hour ahead forecasts, which will be very

val uabl e for that hour-ahead commitnent,
reliability, use of ancillary services.

So, | think that is where we're going to
make maj or i nprovenents over the next five years,
enabl e better grid nanagenent with intermttent
resources.

Now, of course, we al so get better
gl obal data fromsatellite-based sensors. And
that should hel p the day-ahead and beyond
forecasts, as well. But probably not as nuch as
the i nprovenent we expect in that short-term
peri od.

So, just to sunmmarize here, as | said,
the forecasts are nade with a conbi nati on of
physi cal and statistical nodels. And we use that
to construct an ensenble forecast. And a
conposite is usually the best forecast. And
di spersion or spread of that is an estimte of
uncertainty.

The rel ative i nportance of different
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met hods and data types varies. Short-term the
long-term different providers |ook at it
differently, dependi ng what data you have. And
keep in mnd that different parts of the forecast
system are i nportant under different
ci rcunst ances.

And forecasts can be custoni zed for
specific objective. Renenber the type of
forecast, event versus determnistic,
probablistic. And even if you have a
determ nistic forecast, you can optimze it for
root nmean square error, nean absolute error or
ot her netrics.

And forecast performance varies due to
many factors, makes conparisons difficult,
especially casual ones. And the quality of data
is an inmportant factor. And centralized forecast
systens have been inplenented in several bal ancing
authorities in the U . S.; and others are in the
process of inplenmenting them

And grid integration studies certainly
i ndi cate that there are even for day-ahead
forecasts the current state of the art has very
|arge value. So we need to facilitate their use.

That the use is coning along now, but in recent
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years they haven't been very heavily used. And
think that's starting to change now, and we'll be
able to realize sone of those savings that the

grid integration studies estinate.

Thank you.
MR. BRAUN:. Thank you, John. | think
we'll hold questions until the period at the end.

I'd like to introduce Ray Dracker from
Solar MIlennium And Ray will be giving us an
overvi ew of thernmal energy storage and how t hat
woul d work as an enabling technol ogy with sol ar
thermal electric.

MR. DRACKER: Thanks, GCerry.

(Pause.)

MR, GRAVELY: In the interest of time we
could take a couple questions, if you want, now
(i naudible). So why don't we, since we have a few
m nutes, we're going to go ahead and break, but I
t hought you m ght suggest to when. John, do you
want to come back just a second in case there are
a coupl e questi ons.

(Pause.)

MR. GRAVELY: So there's a nike there.
Are there any questions at all while we're doing

on the presentation for John? You can use the
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m ke right there if you don't nind, John

DR. SCHAI NKER: Thank you for your
excel l ent presentation. Since we have a few
mnutes |'mcurious if your conpany or yourself
| ooked at this Texas outage that happened -- not
outage, but this wi nd event February 26th 08. And
was there any predictions made of that with your
software before or after to see what woul d have --
if the predictions -- just to throw out a
question. | just thought maybe you had some
i nsights that other people don't have on that.

DR. ZACK: Actually we have | ooked at it
quite extensively. At the tinme we were providing
forecasts to ERCOT in a test node, and they
weren't being used anywhere within the ERCOT
system but they were being delivered.

So we actually had a set of real-tine
forecasts that were there. And it turned out that
they perforned quite well. 1In fact, we conpiled a
report if anybody was interested init. So, the
report with only public information. So | can
send it to anybody. It's really a (inaudible)
Truewi nd internal report that we made available to
ERCOT, as well as other people who were interested

in that event.
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And what had happened was ERCOT day-
ahead unit schedul es over-esti mated the anmount of
power output that was projected for that tine
period. |t happened about 6:00 p.m, | think,

6: 40, on February 26th.

DR SCHAI NKER:  Over-esti mated w nd
gener ati on.

DR. ZACK: Over, yeah, | think they
esti mated about 1000 negawatts in that period of
production. And it cane in around 300 or so. So
there was that, of course, you know, they had
ot her reserves available. And the real problem
cane in that the other reserves did not live up to
their conm t nent.

So had everything in the non-wi nd world
went according to plan, so actually the
reliability issues were in the non-wi nd part of
the system And that's why they got into the
difficulty they did.

Now, true, the unit scheduling of the
wi nd plants over-estimated the anount of
production, but only by about 700 negawatts, which
is not that big a deal, you know, in what they
normal |y have to deal with there.

But actually our forecasts, we give them
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two different types of forecasts, nobst probable
val ue and 80 percent of probability of exceedance
val ue.

And t he production during that whole
peri od was actually between those two val ues.

Bet ween t he 80 percent number and the nost
pr obabl e.

So, actually they woul d have had a very
good i dea of what was happening; it was a very
predi ctabl e event. And the reason why they didn't
have an idea is because they didn't have an
operational forecasting system And the
i ndi vi dual resources do a variety of things such
as sone of them subnit yesterday's production as
today's schedul e or tomorrow s schedul e.

And there's no uniformty and there's no
enforcenent of quality there, which is why they've
gone to a centralized system

DR. SCHAI NKER: Ckay, thank you. | just
t hought 1'd ask a question --

MR, DRACKER: One ot her quick question.
Everyt hi ng you tal ked about for wind is going to
be needed for solar. |It's going to be nmuch easier
to do for solar, but it's all going to be needed.

I s anyone doi ng anything about it? |Is Cal-1SO
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even t hi nking about that for solar?

DR ZACK: Well, the PIRP will be
expanded to solar probably in 09. And, as |
menti oned, that forecast systemw th the NW
model s, the statistics -- NW nodels put out sol ar
forecasts and they can be adj usted.

So, everything there applies to solar
bei ng easily adapted. You can al so do ocean-wave
forecasting if you needed that.

MR. DRACKER: Ckay. |'m Ray Dracker; |
work for Solar MIlennium Solar MIlenniumis a
sol ar power ed devel opnent conpany, as well as a
sol ar systens engi neeri ng conpany.

And so through the devel opment conpany
we do a |l ot of engagement with the narket and our
custoners. And the market and our custoners are
the large southwest U S. utilities and the control
area operators like Cal-1SO and the Iike.

And so we're trying to understand what
those entities need and want. And then we turn
around to our systens engi neering conpany and say,
wel |, how can we design systens that can give the
mar ket what it wants.

And so that kind of gets to exactly the

poi nt of this workshop and this particul ar tal k.
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And that is what can be done to integrate thernsal
energy storage with concentrating sol ar thernal
power to provide sonething nore valuable to the
electric grid.

Just another tiny bit of background.
After the second oil shock in 1977, the U S
Gover nnment, under the auspices of the Energy
Research and Devel oprment Agency, | aunched a huge
renewabl e energy program And | believe the sol ar
thermal program as it was known then, was naybe
the | argest of everything, bigger than PV, bigger
t han wi nd, bigger than bi onass and geot her nal .

At the tinme there was no i ndependent
power industry, there was no QFs, there was no
PURPA. And so the electric industry were the
utilities. And so there was a big effort to try
to see what it would nean -- what should sol ar
thermal power |l ook like fromthe utility/user
per specti ve.

And one of the reasons why it was an
attractive technol ogy was because thernmal energy
storage could be integrated and provide the kind
of additional value that we're all tal king about
t oday.

So, a lot of the ideas I'mgoing to talk
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about for the next 25 nminutes were thought of 30
years ago. And there's not a whole | ot new here.
W' ve made some progress on commercializing this
stuff, nmaybe not nearly as nmuch as you'd |ike over
30 years. But, anyway, all these ideas are 30
year s-pl us ol d.

So how does thernal storage work with
concentrating solar thermal power. What are the
ways that -- what are the physical ways that you
do thernal energy storage. And what are the
benefits. So that's what |'mgoing to try to
cover quite quickly here.

Here is a quick schematic of a solar
power plant without storage. This kind of has a
little cartoon that |ooks |like a solar trough. M
conpany is doing nany different sol ar
technol ogi es. The one we're focused on
commercially right now is solar trough technol ogy.
But I'"'mgoing to try to nake this presentation
cover all the different technol ogies.

But whether this is a solar trough and
t hat heat exchanger in the mddle is an oil-to-
wat er heat exchanger, or if this is a nitrate salt
sensor receiver and that heat exchanger is a salt-

t o-wat er heat exchanger, or if the thing on the
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left is a parabolic dish collector with a hydrogen
heat pipe and a Sterling engine on the right side,
or even if it's a photovoltaic array with an
invertor, it's all the sane.

The thing runs, what | call run-of-sun.
When the sun's above cut in insolation, the thing
turns on. It operates kind of proportionally to
how rmuch additi onal solar energy you put in. And
when t he sol ar energy goes away, it turns off. So
that's kind of the way all run-of-sun sol ar power
systens worKk.

And, of course, you know, as we
di scussed just previously with the chal |l enges of
wind, a utility systemcontrol guy would prefer to
not have it that way.

Here is a schematic of, again | show a
sol ar trough system here's the schematic of a
power systemwi th integrated thernal energy
storage. This is a two-tank indirect system
And, again, this is nitrate salt. It could be any
nunber of different fl uids.

But basically the heat transfer fluid in
the solar collector is a synthetic oil. And that
energy is either sent to a steam generation system

to make electric power, or sent to a salt heat
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exchanger to store the thernmal energy in a hot
salt tank. And then the hot salt tank can
di scharge and nmke steam when you want to make
steam of f your storage system

I am not an expert on all of these
things. Again, these ideas have been worked on
for 30 years. Sandia National Laboratories, DLR
in Germany, a |lot of work going on in southern
Spain at the PSA. And then NREL has npbst recently
re-initiated a storage program

But there's any nunber of ways to do
this. One is to store the energy in a single
phase liquid. You can use two-tank indirect
storage, as | just indicated. O direct storage
i f your heat transfer fluid is the sane as your
storage nedia. You could use a thernocline which
elimnates a tank but creates other conplications.
The liquids, for the nost part, have been | ooked
at or been salts and synthetic oils.

Al so you can store thermal energy in a
phase-change nedium There's different nmaterials
to do that. The benefits of that, of course, you
store sone of the energy as | atent heat as opposed
to sensible heat. And then if you' re working off

of a steamrankin cycle, you' ve got to boil water.
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And sonetines you can match things up
thernodynanmically a little better.

And then lastly there's the potenti al
use of concrete, which is a fairly inexpensive
mass storage nedia. Obviously you' ve got to
transfer the heat into the concrete and then
transfer it back out. This is show promise. DLR
in Germany and Spain is working on this concept
t he hardest.

Qur conpany has been focused on using
nitrate salt storage. General |ogistic, couple of
shots here of engineering drawings. Here's just
the layout of a hot tank and a cold tank. And the
current salts we're working on have very high
freezing tenperatures, which is a bad thing.

We're working on salts with | ower freezing
t enper at ur es.

But basically we're in the process right
now of melting salt in our Andasol -1 project.

Once that nelts, it's going to stay liquid for 30
years hopefully. |If it freezes we're in big
troubl e.

We nount all the heat exchangers and the

punps above the tank so, you know, if sonething

goes wong you just gravity drain it into a tank
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and then you go fromthere.

Anot her illustration there of what the
thing | ooks like. And here's some pictures of the
thing in construction. These are all built now,
and, again, we're in the process of nelting salt.
These big white buildings are where all the salt's
stored in its solid formbefore we start the nelt.

So, we're building this on a |arge
scale. And here's just sone of the design
parameters. Again, two tank, cold tank
t enper atures about 300 C, the hot tank about just
under 400. And, again, we've very high freezing
tenperature of 223 degrees C

You can inmagine it's a challenge to keep
sonet hi ng above that tenperature for 30 years
straight. But we will do it.

The benefits of just direct integration
of thernal energy storage, as opposed to going to
electric energy storage is sort of that turn-
around efficiency of 95 percent. N nety-five
percent of the thernmal energy we put in we get
back out as thernmal energy. And, of course, we
convert that thernmal energy to electricity, about
a 40 percent conversion efficiency, 35 to 40

percent .
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Way, again, nolten salts? W based the
design of our salt systemon the Solar Two design
that was built for central receiver plant in the
early -- designed in the early 90s and built in
the early and nmid 90s.

It's a m xture of sodium and potassi um
nitrate. And can't quite see that entire di agram
but you try to mix those in a way that gives you
the nm x of thernobdynam c properties you' re working
toward. And one of the desires is, again, to have
a low freezing tenperature

Again, nolten salts got high specific

heat relative to material costs. Low degradation
rate at the tenperatures we use it at. And it's
environnentally benign. |If it freezes -- it drops

on the ground and freezes, you shovel it up and
you can use it as fertilizer.

Mol ten salts have been used as a thernal
energy storage nediumin nmany industries for many
decades. And we've been, you know, the industry,
the solar industry's been working to | ean on that
body of know edge.

The Andasol -1 plant was financed on a
totally non-recourse debt basis. And so that kind

of tells you the confidence | evel the banks have
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that this is a commercially viable technol ogy.

Again, a lot of applications in the
process industry. This graphic's courtesy of
Bertrans Heatec, which supplies these systens on a
package basis. They've been working with us on
several of our projects, supplying conponents and
syst em desi gn

Here's a brief history of how nitrate
salt or nolten salt's been evaluated in the sol ar
business. And this is, you know, cross, you know,
three or four continents here. |In Japan in the
early 80s and France, here in the U S. And nost
recently the Italians are doing a | ot of good work
on the use of nitrate salt for solar power.

A few peopl e have asked ne, you know,
ri ght now the solar thernal business, or the
concentrating solar power business is boomng in
Spain. And it's because they have very high feed-
intariffs; tariffs that would be unacceptably
hi gh even in states that have the aggressive
greenhouse gas targets that we have here in
Cal i f orni a.

So, people ask ne, well, you know, how
do you nake stuff work here in the U S. And the

way you make it work is you make it bigger
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There's a 50 negawatt limt in Spain. And it
woul d be tough for us to make a 50 negawatt
projects that can only be viable here in the U. S
So we're naking the projects bigger. And then if
you're going to integrate thermal energy storage,
the storage has to be that nuch bigger.

As many of you know, there's two
elenents to a storage system designed as the
power. There's the energy and the power. And
it's relatively inexpensive to nake the energy
bi gger. You just add nore tanks and nore salt,
and it's kind of a hassle but it's easily do-able.

But if you're trying to charge and
di scharge at the electric equival ent of 250
megawatts, you can inagine the quantities of punps
and heat exchangers you have for all of that.

So, right now Solar MI Il ennium as well
as Abengoa, and nmybe others, Sol ar Reserve
possibly with their power-tower technol ogies,
| ooki ng at very | arge energy storage systens for
the U S. market. As much, you know, 3000 and 4000
megawatt hours thernal storage systens are now
bei ng designed for the U S. narket.

And, again, sone engi neering chall enges.

Al so, we're creating a demand for this salt that
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is many ti nes what the historical world supply
chain has been dealing with. So that's anot her
chal | enge, as well

Here's just a chart from DLR on the
different -- on why the -- what are the figures of
merit in choosing a energy storage nedi um
Obviously you're trying to store the nobst energy
with the | east amount of nass.

But then have other characteristics that
match up with what your tenperature needs are.
You know, they have to match with the sol ar heat
tenperature regines as well as the power cycle
t enper at ure regi nes.

Again, | nentioned earlier, phase change

mat eri al s, benefit fromthe | atent heat aspect of

them They're still very devel opnental, but sone
day will becone available. They're a good fit for
direct -- DSG stands for direct steam generation

I don't want to neke a treatise on the different
CSP opti ons.

We are working on a direct steam
generation solar trough. Several conpanies are
wor ki ng on direct steam generation central
recei ver technol ogy, BrightSource and others. And

a few fol ks are working on direct steam
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generation, Linear Fresnel, Ausra. And this is a
technol ogy that works with -- that would be as
good fit for all three of those technol ogi es.

Agai n, cenent storage, possibility for
very low cost. Could be built in npdules. Best
for sensible heat, but |I'm about to show you
anot her diagramthat's counter to that. Still
devel opnental, but | think soneday reasonably soon
coul d becone vi abl e.

Here's the use of a cascaded concrete
st orage system for steam generation. And you can
see, you know, you try to match up the tenperature
regimes with tenperature profiles if you're
preheati ng your boiling and you're superheating.

So, why do all of this? And, again, the
idea is to nmake the solar energy nore val uable for
the grid, for the utility consuner.

One potential use of storage is to
i ncrease the annual capacity factor of the plant.
that's how storage is being used at Andasol. And
under this application of storage, and this only,
it's also possible to nake the | evelized cost of
the electricity lower. All the other uses of
storage I'mgoing to talk about will raise the

| eveli zed cost.
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But if you do it for this, clearly what
you're doing is you're getting better acid
utilization of your power block, which, you know,
when you're doing all the math, can result in
| ower electricity costs out of the plant.

But it's also possible to use the
storage to concentrate or shift the solar energy
collected to electric power during peak peri ods.
That allows you to ride through transi ent weather
conditions, which we can spend hours tal king about
that. 1'll take two minutes to talk about it.

It can even out, and you can maybe
deliver the electric output in blocks, if that's
desirable to the utility custoner.

And lastly, it can give sol ar power
capacity value, and this has been a bone of
contenti on between ny conpany, on a friendly
basis, for the California utilities, but we'd | ove
to get capacity paynments for our solar power
pl ant s.

Here's sone charts that are a little bit
hard to foll ow when you first | ook at them Maybe
sone of you have seen them before. But let ne try
to wal k you through this, because this shows how

st orage can be used, and kind of then why woul d
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you do it and how it would be nore valuable to the
utility.

On this chart, | don't have uniform
color coding. |I'mgoing to show three charts I|ike
this, so bear with ne.

So the blue line is the solar radiation.
And i f soneone's | ooking closely this is the sol ar
radi ation in a place where there is daylight
savings tine, the peak happens at 13, not 12. And
by the way, this is different in Arizona than in
Cal i f orni a.

So the orange line is the heat coll ected
by the solar field. And that's -- the sol ar
field s working run-of-sun w thout a doubt, so the
heat collected by the solar field natches kind of
the DNI that you're getting at your power plant
site.

And this is a plant designed to shift
nor ni ng sol ar energy to evening electricity. 1'm
| ousy at using these.

(Pause.)

MR. DRACKER: So, let nme do it the old
fashioned way -- | have to speak into a
m crophone. This plant, you can see the sun cones

up at 6:00 a.m W don't nake electricity till
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noon, so what do you do with the energy |oad. Al
norning we're putting it into storage.

And then at noon we shut the storage
charge down and use the energy strictly for
electricity production. So we show magically all
t hat happeni ng i nstantaneously. Cbviously there's
alot of inertia in your punps. But you can kind
of do things about that crisply if you know what
you' re doi ng.

So we stop the storage charge at noon
and bring the steamturbine up to full load. And
then the sun starts setting on this day at
approximately 7:00 p.m And so at 5:00 p.m, we
start di schargi ng our storage system

The red line represents the power
producti on, so you can see that we're operating
at, you know, 250 negawatts starting at noon. The
sun sets at about 6:30, 7:00 p.m, and we drop
only the electricity production a little bit and
run the plant till 11:00 at night.

So that's one way to use storage. To
shift norning solar energy to evening electricity
pr oducti on.

Anot her way to do it, and this is the

way we're doing it at Andasol. And this is he
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only way to naybe nake | evelized electricity price
drop. And we can do this in large plants.

And this is where you have a very | arge
solar field. You start up you power block as soon
as the sun rises. And then shortly after you get
your power block with full |oad, you start
chargi ng the storage system

So, here the sunshine is the blue |ine.
| apol ogize for the sun comes up. The red line's
our power block. You bring the power bl ock
qui ckly to 250 negawatts. And then we shut the
power bl ock up to 250 negawatts. The sol ar
field s got excess steam generating capacity. And
so we start charging the storage.

And then -- so we can -- so the sun
starts setting at, again, the sun starts setting
at 6:30 or so. You start -- you see there's some
overlap here, but we start -- we ready the storage
system for discharge. And basically this allows
us to hold 250 negawatts again till 10:00 or 11:00
at ni ght.

So this is a capacity extender version.
Agai n, maybe can make | evelized | ower costs of
electricity.

The last way is to concentrate all of
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t he energy production during a narrow band, you
know, on a block in maybe peak period, if anyone
from Sout hern Cal Edison is in the audi ence they
may recogni ze the profile here that's being
t ar get ed.

But here, again, the blue line is the
DNI, and the red line is the solar field
collection; the orange line is the electricity
production. Here we're storing -- we're not
maki ng any electricity in the norning at sunrise;
we're strictly storing energy.

And after 6:00 p.m we're not naking
electricity, we're strictly storing energy. And
everywhere in between we're neking actually nore
electric power than the solar field could sustain
on an i nstant aneous basis.

So, here the solar nmultiple is | ess than
1 for any solar engineers in the audi ence. This
certainly would have a nmuch hi gher |evelized
electricity cost. But you could see that if, you
know, you have a TOD factor that's, you know, 3,
3.5-to-1, norning to afternoon, you mght want to
do sonething like this.

So, these are the ways. Now, the other

thing this does is provides a reliable block of
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capacity in theory during the tine the utility
needs it the nost. And we'd |ove to get $100,
$150 bucks a kilowatt year for the capacity on top
of a nice energy paynent. Right now that's not an
interest in California doing that. So, again, you
know, from a pl anni ng perspective, you know, what
makes sense, or what it wants to do.

A few other things. The California
utilities have different, you know, the three big
| QUs have different, slightly different TOD
peri ods and factors from one another. And so
obvi ously you'd custoni ze your solar power plant
slightly differently to serve each of those.

SMJD has a nore severe needl e peak than
any of them And LADWP is sitting largely on the
coast, so it doesn't have a huge air conditioning
| oad per capita. So, you know, what we try to do
is, you know, have a system design that would
customfit any individual utility.

So I'"'mnot sure if the target is the
Cal -1SO integrated systemor any specific utility.
But we're trying to adjust to all that.

Lastly, the other thing that storage
does is it allows you to ride through a cl oud

transient. And there's benefit to utility grid to
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that. Qbviously you don't want a 250 nmegawatt or
hopefully, you know, an aggregate of severa
t housand negawatts, you know, going offline
suddenly when a big nonsoon cl oud hits.

This is not a big issue in California,
although it's sone. |In Phoenix they get really
bad nmonsoon cl ouds summer afternoons, July and
August. So the utilities really asked us to
figure out how to use storage to ride through
cloud transients. Because they have no dropoff in
air conditioning | oad when these nonsoons hit. |If
anyt hi ng, people crank themup a little nore.

In Blythe, in southwest California you
do see sone of this. You know, the |ast three
weeks we've had a lot of rainstorns in Palm
Springs and stuff. A place |like Ri dgecrest gets a
little less. And probably Carrisa Plains al nost
never sees a nonsoon cl oud.

So, | don't know how big a deal this is
for California. W've |looked at this a lot. And
so if that becones inportant, we're happy to study
it more with everybody.

So, in general, thernal storage is used
for, you know, to help diurnally. 1It's not going

to help with weekly or seasonal storage by any

PETERS SHORTHAND REPORTI NG CORPORATI ON (916) 362-2345



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

111
nmeans.

You coul d build one hour of storage, you
could build 12 or 15 hours of storage. The sweet
spot seens to be, you know, three to six full |oad
hours of storage. And that seens to provi de nost
of the val ue.

At six full load hours of storage we
maybe can make the LEC lower if you want the
capacity extender. But we can al so do these
really nice custonized things. | think these will

nostly be built where you begin to assign capacity

val ue.

We haven't talked to any California
utilities, but we have talked to Arizona and
Nevada utilities about building plants that can

provide reliable blocks that would result in the
utilities not buying a peaking gas turbine. And
so other states are thinking about that. 1've no
i dea where we are here with that kind of thought.

But we do think we can nake sol ar
reliabl e enough through thernal -- integration of
thernmal energy storage to forego the depl oynent of
peaki ng gas turbines.

So, anyway, that's that. Any questions?

Two nminutes to lunch. Ready to go to | unch?
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MR. GRAVELY: Yeah, go ahead, we've tine
for a few questi ons.

DR. SCHAI NKER: There's a nicrophone.

MR KIBRYA: This is Golamfromthe
Ener gy Conmi ssion. | have two parts to ny
questi on.

Knowi ng that, of course we know t hat
there a lot of -- CSB and PPA is being signed in
California and other parts of the country. And I
i mgine a lot of this PPAs and contracts are
t hi nki ng of putting storage.

Now, knowi ng the price of salt has gone
up nmore than 100 percent in the |ast year or so,
if you could comment on how this price of salt is
going to affect, first of all, LCOE of this
contracts that we anticipate conmng online in the
future.

Second part of the question is, you
know, what other technol ogies are really being
| ooked at as opposed to salt, to provide the TES,
the thernmal energy storage? W know the salt has
been the nmost proven from solar to depl oynent.

But |I'msure there are a | ot of other technol ogi es
that people are | ooking at for thernmnal energy

st or age.
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If you could comrent on what are the
nost prospective ones.

MR, DRACKER Well, | showed a few of
themearlier, the concrete storage, the phase
change. | think there are other sol ar conpanies
here in California that are | ooki ng at ot her
i nnovati ve things that they haven't shared with
everybody.

There are sone i nnovative ways to doi ng
sone npdest, on an energy basis, ampunts of energy
storage with steam water steam

But | think the nost promising is
probably some version of the concrete. And, you
know, agai n, DLR has been focusing on that. There
had been work done here, but there's not nuch
going on here in the U S.

So, you're right, the price of salt's
doubl ed. But, you know, we've | ooked at things
and | think it's -- we think, and slash, hope it's
a supply chain issue, not a fundanental. |If you
just look at the raw materials that go into, in
theory the demand that's been created should be
able to bring supplies back up to a | evel that
will drop prices down to whatever, not super-

profit prices or whatever the salt guys are
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getting right now.

One other tidbit is we're |ooking at a
low melting tenperature salt, | ow freezing
tenperature salt, below 100 C, bel ow nost
i nportantly below the boiling tenperature of
wat er, which has some, you know, below 100 C.

But it requires lithium And plug-in
hybri ds are creating a huge denand for |ithium
So, you know, unfortunately we're kind of bit
t here.

But, again, you |look at the fundanentals
of , you know, lithiumsupply. |If the nmarket
responds, it actually nmight, the plug-in hybrids
m ght create a huge lithiumsupply infrastructure
that will decrease the cost of lithiumten years
fromnow But right now lithiums -- so this is
all critical stuff.

Yes, it's inpacting the econom cs.

There are not huge margins in these deals. And
you double the salt price and it's going to ness
up the econonics of the project.

We had several actually the -- |
ment i oned one of the drivers of the use of storage
is the ratio of the afternoon TOD factor conpared

to the norning TOD factor. And for one nmjor
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utility that ratio dropped this past year. It
m ght have dropped to nake storage economcally
viable to not economcally viable. And when you
roll in, you know, salt prices.

So every day these little things affect
the nmarket. The short answer to your questi on,

t hough, | think the concrete has the nobst near
termfor this, you know, five-, six-, seven-hour
of storage that would be applicable to many of the
t echnol ogi es.

MR. Kl BRYA: Thank you.

MR. GRAVELY: One final question if you
want ed to ask, go ahead.

MR VWH TE: Oh, | have to pick between
my two questions?

(Laughter.)

MR VWH TE: So | just pick ny better
question. Just on retrofitability, can you say
sonet hi ng about the feasibility and cost if the
storage was to be retrofitted into the design of a
pl ant, and not factored into the original design?

MR. DRACKER: Yeah. This can be done,
al t hough when you nmatch up the size of the power
bl ock, the size of the solar field and the size of

the storage system in theory their size, relative
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to one another, to provide sonme sort of optinal
val ue proposition for how you're going to operate
the pl ant.

But fundanentally you can. For
i nstance, the nodul ar Solar One was built w thout
storage. They could add storage to that plant.

It is possible.

You can also -- any of the solar
t echnol ogi es are sonewhat nodul ar, so you could
add it in an increnent of solar. You could keep
your power bl ock, add an increnent of solar field,
add a storage system and have sonething that's
optinm zed.

So, the short answer is yes. You can
add storage to a plant that was not originally
built with storage.

MR, GRAVELY: Well, thank you,
everybody. W will reconvene here at 1:30 and go
with the panels for the afternoon. And we'll have
sone nore tinme in the afternoon to talk to all the
speakers that' ||l be around for questions and
answer s.

(Wher eupon, at 12: 33 p.m, the workshop

was adj ourned, to reconvene at 1: 30

p.m, this same day.)
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AFTERNOON SESSI ON
1:38 p.m

MR, GRAVELY: W do have a pretty ful
afternoon. And we do have sone tinme at the end
for sone discussions, so we'll do that.

So, what |I'd like to do now is we have
basically two panel sessions this afternoon. It'l
be nmostly presentation with sone joint
di scussions. Both panels are at the table here so
there'll be opportunity to ask questions as we go
forward, and | encourage that in the afternoon
sessi on here.

And so we're going to start off with
kind of the way we did in the norning, we'll do a
little bit of the grid side of the world, and then
we'll go to the renewabl es side of the world. And
then we'll have some general discussions on the
whol e day' s wor kshop.

And so with that I'"m going to introduce
Dr. Robert Schai nker, who is going to tal k us
about energy storage, and the ability of storage
to hel p penetration of renewabl es.

DR. SCHAI NKER: Thank you very nuch,

M ke, | really appreciate it. Thank you for

inviting me. W don't have a full house yet, but
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I'"'msure a few people will walk in after |unch

|'ve decided to wake everybody up a
little bit because this is a tough position, right
after lunch. Most people are trying to go to
sleep right now So | thought 1'd take a little
different tactic.

My tactic is to assune that |'ve just
given this presentation and |I'm going to ask
questions. And likely you may have sone questions
on energy storage. And just ask them | won't
answer them because |I'l|l use the presentation to
answer them as appropriate. Hopefully I'll find
sonething in a slide that'll help me answer your
questi ons.

So, are there any particul ar questions
on energy storage? For instance, cost, or
performance, or what is SMES, or what is CAES.
Anybody have any burning questions that you want
to ask nme? | know you're digesting your food, but
I thought 1'd give you guys an opportunity. [|'l]
ask you again later. Looks |ike nobody has any
questions. kay. Either that's because |I'm such
a good speaker, which |I doubt, or --

MR, BROWN: | have one.

DR. SCHAI NKER: Wl |, good.
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MR, BROWN. We've been trying to get
storage into the grid both at the high voltage and
| ow vol tage for nmany nany years, because it woul d
solve so nany problens. It essentially adds a
tenporal value to control of power flow

And yet it just hasn't happened ot her
t han sone punped hydro which was al nost an after-
t hought in many cases. Are you going to answer
why that it hasn't, despite the fact there's a
strong desire for it?

DR. SCHAI NKER: I think your question is
so good that I will answer your question. |'lI
gi ve sone of the answer right now.

In fact, there's a story -- there's
probably an answer appropriate to every one of the
vari ous storage technol ogies, but in general, in
ny view, and |'m not speaking for everybody or
even necessarily EPRI, where I'mfrom E-P-R-1.

This country, our dear United States of
Anerica, has been spoiled for many nany nany years
with very very inexpensive fuel. And our fuel
prices ten years ago natural gas was $1.50, $2.00
a mllion Btu. Today it's $10 to $14 a nillion
Btu. GOl in those days was oh, $4 a barrel; and

now it's, you know, $135 to $140 a barrel
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And when we had such low prices in fue
nost people did not think of energy storage, per
se. They thought of buil ding combined cycl e gas
turbines just generation. And | think that's the
domi nant reason, it was an econom c reason

It wasn't necessarily because people
were ignorant of the technol ogi es, per se,
al t hough there was a | ot of devel opnent that's
needed in sone of these technol ogi es since then.

So the price of fuel has increased and |
think that's why |I'm standi ng here, in sone
respect. And then the other issue, of course, is
renewabl es, which is the subject of this neeting.

And renewabl es, one its challenges is
its intermttency dependi ng upon the type of
renewabl e technol ogy you're | ooking at. And
energy storage is an obvious option to think
about. But the costs have to be consi dered
seriously before you would install them So |
think that's basically the answer to your
questi on.

By the way, on punped hydro, the first
punmped hydro plant in the United States was built
in 1928. And it really wasn't an after-thought.

Punped hydro was actually a very seriously debated

PETERS SHORTHAND REPORTI NG CORPORATI ON (916) 362-2345



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

121
and economically analyzed technol ogy. Anericans
were actually probably second or third in |ine.
The Europeans, particularly Swiss, beat us to it.

And a | ot of punped hydro plants were
built throughout the world. |In this country only
about 2.5 percent of all generation is punped
hydro. But virtually, in reality, npst of al
storage in this country is punped hydro.

Can there be new punped hydro, that's
debat abl e, based on the current prices. But
punped hydro got built even before nucl ear got
into the grid. And then a bunch of nucl ear was
advent in the early days of nuclear. A lot of
punped hydro plants were built because of nucl ear.

Any ot her questions? Those that just
wal ked in, | switched gears. |'m asking you for
questions now, and then I'l|l address -- then |'l]|
gi ve you ny presentation and you can ask sonme nore
questions | ater.

Ckay. For those who aren't faniliar,
these little icons in this presentati on show four
storage technol ogies. There's a few that aren't
on this list, but this is what a superconducti ng
magneti c energy storage coil |ooks |ike, SMES, as

referred to earlier by Raynond.
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And it's the only storage technol ogy
that stores electricity in the form of
electricity. In this case it's dc electricity.
And as a consequence, it's round-trip efficiency
is in the 95 percent range.

This icon in the upper right-hand corner
is a battery. W all have themin our cars and
our flashlights. And there's a lot of stored
energy throughout the country in various
batteries. And there are a few, |I'd say around
the world there's probably 100 or so energy
storage plants for electric utility applications.

Here, this icon in the | ower right-hand
corner is punped hydroel ectric, although you could
think of it as a hydro plant. But there's a

reservoir above and a reservoir bel ow.

And the icon in the left, lower |eft
corner, is conpressed air energy storage. It's an
interesting technology. [|'ll chat about it a

little bit |later, because EPRI is going to be
bui l ding some utility support, two denpnstration
units using an advanced desi gn.

But it's a storage technol ogy that uses
not only electricity in and out, it uses fuel, as

wel |, during the generation phase for the current
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design. So it's what | would call like a plug-in
hybrid vehicle. It uses fuel and electricity for
ener gy storage.

Ckay, with that let ne get into the
presentation. Historical perspective, punped
hydro has been around, like | said, since 1928.
Interestingly enough in other parts of the world,
mai nly in Japan, Switzerland, Gernany, France,
Spain, Italy you'll find the anmpbunt of punped
hydro in relation to their overall generation
capacity is in the range of 5 to 15 percent. They
have much nore energy storage as a percentage of
their generation mx than the U S., which is about
2.5 percent.

And | find that raises a question,
because | | ooked into that and all | could figure
out is that the rest of the western world, they
actually do their econonic planning studies on a
| onger planning horizon than the U. S. does. W're
very short-termthinkers.

And nost of the rest of the world, when
they do generation planni ng, and energy storage
pl anni ng, and they | ook at punped hydro, they
think long term And fortunately for them if

t hey own any punped hydro plants, that's been a
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very big cash cow for them

And any of the few utilities that own
punmped hydro in this country nade a | ot of noney
on existing plants. It's very difficult to
justify new plants today, but the plants that were
built in the 60s and 70s, 80s, nade a | ot of
noney.

There's been a nunber of battery pl ants.
There was a big battery plant in Southern Cal
Edi son, the world's |l argest battery went into
commercial operation in '88. It was a 10
megawatt, four-hour battery in Chino, not too far
where there was an earthquake earlier this week.

There's a conpressed air plant in
Al abama called the Maclntosh Plant. It was built
in 1990 -- 88, 89, 90, went into operation in 91.
It's a 110 negawatt plant, 26 hours of storage.

One of the first supercapacitors ever
built was built and denpnstrated at an EPR
| aboratory called PEAC in 2002. And there's a
fl ywheel that went into operation on a utility
grid in 2003 at New York Power Authority, one of
the first ones in the country on the grid.

And Anerican Electric Power built the

first sodiumsul fur battery in 2006. It was a 500
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kW one- hour sodium sul fur battery. Now they're
bui l ding, | would say, one- and five-negawatt siXx
or seven hour batteries at AEP, sodi um sul fur.

Anot her historical perspective, nmany
people in the utility environnent just could not
anal yze the benefits of energy storage until sone
codes were devel oped. And the first
chronol ogically based code to really successfully
anal yze energy storage, no matter what type of
pl ant, was a code called DynaStore and Dynani cs.
In fact it was built at EPRI and it's still being
used by utilities and EPRI

Back in 03 EPRI published a handbook on
energy storage. |It's still a very good resource.
DCE gave us a little bit of npney and we put their
nane on the title. So, it's a handbook.

Basically you find out about any one of these
storage technol ogies in great detail.

Starting in 04, PIER, through the
California Energy Conmnission did a ot of field
trials successfully here on energy storage. Very
very inportant to the country. DOE got involved
in sone of those field trials, as well

There were newer batteries at AEP, a big

ni ckel cadm um battery in Al aska. Another
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fl ywheel system TVA built sone supercaps and so-
cal |l ed FACTS technol ogies, conbining a flexible ac
transni ssion systemw th a supercapacitor.

HECO built the first supercapacitor for
a wind system This was about five years ago.
Unfortunately, there was an earth npbvenent, an
eart hquake right underneath the facility about a
year after they finished it, and it destroyed the
facility. But it did work when it was running.

P&E others, with CEC help, built zinc
brom ne battery. So there's been a | ot of
activities in energy storage. Mostly for
denonstrati on purposes and sone commercial plants.

Recently, conpressed air energy storage
has a new desi gn over and above what was built in
Al abama. Renenber, the Al abanma plant up here was
110 nmegawatts, 26 hours. EPRI's going to be
funding a fairly large programto build two
pl ants, one a 300 negawatt, 10-hour conpressed air
pl ant, and one usi ng an underground air storage
reservoir. And then one of 15 negawatt, 2-hour
system wi th an above-ground air storage tank or
pi pi ng system

And there's been lithiumion batteries,

relatively small, but they're coning. O her
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flywheels; famliar with Beacon's flywheel systens
for frequency regul ation. O her supercaps for
power quality and -- control. So there's a |ot
going on in the energy storage area.

In line with what Gerry Braun said
earlier, there is really three insights that |
think i f sonebody studi es energy storage you need
to really wal k away with.

And one of the insights is right on with
what Gerry Braun said earlier, storage plants
really fall into three categories. Wat we cal
basel oad storage plants |i ke punped hydro and
conpressed air that have | ots of hours of storage.

I nternedi ate type storage plants that
may only have two to three, four hours of storage.
Simlar to zinc-brom ne, sone sodium sul fur, sone
[ithiumion.

And then what | would call peaking
energy storage plants that are really suited for
seconds or ninutes of storage. They're just not
econonmically attractive for | ong hours of storage.

And t his netaphor of peak, intermediate
and basel oad, |ikew se for renewables, applies to
energy storage technologies. And it really cones

down to the econonmics. And I'll just shed sone
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i ght on exactly why that happens in one of ny
slides a little later.

Anot her insight is that when EPR worked
with utilities, Al abama Co-op and others, Southern
Cal Edison is an exanple on batteries, we found
out that the dynanic benefits, the rapid response
capability of storage technol ogi es being factors
of 10 to 100 better than fossil plants, actually
provided five to ten tines nore econonic val ue
than their so-called arbitrage or | oad | eveling
benefits.

So, yes, people | ook at arbitrage, you
know, buy low, sell high. But, in fact, the
economnmi ¢ benefits are nuch greater if you quantify
the rapid dynam c capability of these plants.

For instance, punped hydro has m nute-
to-mnute ranp rates, you know, 50 percent is
namepl ate capacity in literally a couple ninutes.
Whereas a coal plant may only have 10 percent of
its ranmp capability in an hour, or maybe 30
m nut es.

So you really got to do sone very
detailed analysis to | ook at the dynanics
benefits. |If you do that, you'll find a | ot of

good val ue for that type of duty.
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Third insight is that when you quantify
the benefits of energy storage we have found over
and over again not one specific benefit will sell
the plant. You actually have to add and conbi ne
their |l oad | eveling benefits, the dynam c benefits
together. |If you can't calculate all these
benefits, then you can find the benefit/cost ratio
for purchasing and installing a plant is positive.

If you just | ook at one of the benefits
you generally won't be able to justify the plant.
So you really got to go into the energy storage
anal ysis with your eyes open to these three
i nsi ghts.

Now, that's the bulk of what really
wanted to tell you, but 1'll show you sone ot her
details to sort of underscore sone of those three
i nsights that | just chatted about.

Ener gy storage, buy Ilow, sell high.
That's load leveling. You're |ooking at daily
cycles. Ranping benefits, if you look at this
ranp right here on the incline and on the decline
of the | oad shape, you'll find that, in fact, the
| oad is going up and down during the ranp. And

storing energy during the ranp can snooth out that

ranp.
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And the I1SO -- |I'msure Dariush knows
about this better than I do -- needs ranping
capability here in the State of California. They
need regul ati on capability.

And short-term storage |ike batteries,
fl ywheel s, super caps, handle this kind of duty
very very well. And, in fact, conpressed air and
punmped hydro, if you built it, would have this
capability. But you wouldn't justify that one
benefit to build a conpressed air plant or even a
battery. You got to add all the other benefits.

Then if you | ook at the detail of one of
the | oad shapes right there, you'll find that it's
quite jagged. And there's frequency response
capabilities that energy storage plants have that
woul d take a burden off the cycling coal plants,
the cycling conbined cycle plants.

And right in here is where wi nd energy
and many other variable frequency fluctuations
occur. Energy storage plants can operate in this
domain, as well. And in fact, Beacon Fl ywheel is
offering a systemto do just that.

So you have different applications and
di fferent types of technol ogi es appropriate to

each application
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Now, with wi nd, or even | could convert
this word wind to renewabl e, if you conbi ned these
renewabl e resources with their fluctuating
outputs, either they'd be due to sun or due to
wi nd or whatever, with storage you can devel op a
relatively sinple control system and snpboth out
those fluctuations quite economcally.

So if you really want to |l ook at all the
st orage technol ogi es besi des punped hydro,
conpressed air, flywheels, batteries, super
capacitors -- for those that talk to me later |'11
tell you what the difference is between a super
cap and a regular cap -- you have SMES,
super conducti ng nagneti c energy storage, thermal
storage that was tal ked about earlier, reversible
fuel cells produce hydrogen. You can store
hydrogen. That's a storage technol ogy, generally
not very econom c.

And you can just store hydrogen, as is,

t hrough el ectrol yzers and use hydrogen back
through a fuel cell and have storage. So there's
lots of different alternatives.

This chart, | call it the bubble chart.
On the vertical axis is the power capacity of a

gi ven application requirenent. The horizontal
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axis is the anobunt of discharge tine you need.

So if you want frequency regul ation, for
exanpl e, you night need .1 negawatts to 10
megawatts or 20 negawatts. But it's in the tine
zone of 15 seconds to 15 m nutes.

If you needed |l oad | eveling you really
want sonething up to and including 1000 negawatts.
And it goes fromone hour to let's say ten hours.

So you could |l ook for the different
applications, spinning reserve, VAR control
what ever, and you can get a rough idea through
this chart what type of time domain you need for
t he di scharge, and what type of negawatt donain
you need for the output power.

| f sonmebody would get me a gl ass of
water it would be hel pful.

And what | wanted to highlight here is
t hat when you | ook at storage technol ogies there's
two di nensions. Wereas if you | ook at a
generation technology, it's really a one
di mensi on. You buy so nany negawatts of gas
turbines -- thank you, Gerry, that's very Kkind.

As a consequence, when you go generation
pl anning with the generati on technol ogi es, you

just |l ook at the price -- the anount of negawatts
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you want to buy, and then you | ook at the heat
rate or cost of fuel used during the generation
cycle, and you do the econonics.

In storage you really got another
di nension. You pay for the power, but you also
have to pay for how many m nutes or hours of
st orage you want.

So if you wanted a one-hour battery,
you're going to get a cost for a battery in
dollars per kW Very different than if you had a
three- or five-hour battery. Because you got to
buy nore cells. So you got to |ook at two
dinensions in this picture with storage.

And this chart is a little busy, but
it's quite insightful. And what | show in the far
right colum is the range of capital costs to buy
and install various storage technol ogies with
di fferent hours of storage. This H here stands
for hours of discharge.

So, let's take a sinple exanple that
nost peopl e think they know about. Let's | ook at
a lead acid battery. A lead acid battery, |I'm
say, costs today in 08 dollars of somewhere
bet ween $1500 a kWto $1900 a kW And that's for

a three-hour battery.
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So that neans this 10 negawatt, let's
say three-hour battery, this 10 negawatt battery
could produce ten negawatts flat out for three
hours fromfull charge to full discharge. That's
what t hree hours means.

But how do you get this cost? How do
you get the 1500. The 1500 is arrived at
relatively sinply. The cost of the invertor is
this colum here, the power conponent. So about
$300 to $400 a kWjust to buy the invertor that
does ac-to-dc, dc back to ac.

Every hour of storage, the nunber of
cells in the battery, costs about $400 to $500 a
kW for each hour of storage. So if you want three
hours, three tinmes $400, on the low side, is
$1200. Plus $300 for the invertor. $1200 plus
300 is 1500. So this nunber 1500 is three tines
400 plus 300. On the high side is three tines 500
pl us 400, and you get 1900.

The inportant thing is notice that if |
change this hour of storage fromthree to four, |
want one nore hour of discharge, |'ve got to add a
m ni mum of another $400 a kW Every hour of
storage costs about $400 a kW That's very very

expensi ve.
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Whereas if you go up to conpressed air
st orage, as an exanple, every hour of storage only
costs about $1 a kW Huge difference. That's why
you can afford ten hours of storage for a
conpressed air plant, whereas if | put ten hours
of storage for a battery | have ten tines 400 and
I get to 4000, plus 300 for the invertor, | get to
4300. So you're never going to see a ten-hour
| ead acid battery. |It's just too dammed
expensi ve.

But you will see 10 and 20, 30 hour
storage for conpressed air. So this columm right
here gives you the per-unit cost for additional
hours of storage for any one of these types of
st orage technol ogi es.

These technol ogi es, the | ow nunbers
here, are your basel oad storage technol ogi es.
These technol ogi es that have sort of medi um sized
nunmbers are your internedi ate storage
technol ogies. And the ones that have very high
cost, here's a super capacitor, $12,000 a kil owatt
for every hour of storage. You only going to
afford one nminute of storage. You can't afford an
hour of storage. These are way too expensive.

But for frequency regulation all you need is one
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m nute, that would be a good application.

So this capital cost table is very
insightful and it shows you qui ckly why certain
st orage technol ogi es are good for |ong hours of
st orage, nedi um hours of storage or short hours of
st or age.

This one slide, by the way, is not too
often presented. So you're very fortunate that
I'mpresenting it to you, because it's got a | ot
of good information in it.

Now, the next slides, just pictures and
exanpl es of punped hydro. This happens to be a
pi cture of the Al abana conpressed air plant.
Here's a picture of the German 290 negawatt
Hunt or f conpressed air plant. That plant went
into operation in 1978. This plant in Al abanm
went into operation in '91.

This is a picture of the schematic
mechani cal engi neeri ng di agram of the Al abama
plant. | won't bore you with the details, but you
have conpressors, you have expansi on turbines, you
have an underground storage system-- it happens
to be a salt cavern -- and a generator. And
there's clutches and you run it one way for

conpressi on, one way for generation.
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There's a new design that's out. W
call it the advanced conpressed air plant
schematic. Notice it looks sinmpler. That's, in

fact, true in ny professional opinion. And it's
buil't around a conbustion turbine.

This plant, the new conpressed air
design that EPRI's going to build sone
denonstration units, actually has a conbusti on
turbine as a central core of the plant. So you
al ways have a CT there regardl ess.

And it uses conpressors for conpression
at night; has sone expanders. There's no high-
pressure conmbustor. There's only the conbustor
that's in this CI. Wereas the previous design
has a hi gh-pressure conbustor and a | ow pressure
conbustor. This hi gh-pressure conbustor produces
a lot of NOx. The newer design doesn't have a
hi gh- pressure conbustor, so it's got very | ow NOx.
So whatever the CT produces, that's it's NOx.

The heat rate for these plants is
extraordinarily attractive. During generation the
heat rate is 3810. The charging energy ratio, how
many kilowatt hours of electricity are needed for
each kilowatt hour of output, .7. Very

attractive. And we're very interested in working
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with utilities to build these plants.

EPRI's got a project out; we've got nine
letters of intent fromdifferent utilities to
participate with us to build, like | said, a 300
megawatt, bel ow-ground plant with ten hours of
storage, a 15 negawatt, two-hour aboveground
plant. So if you're interested, talk to ne nore
about that |ater.

This is what the machinery | ooks Iike.
There's the notor generator in Al abama. These are
the conpressors. The expansion turbine's back
t here.

These are the geol ogy opportunities in
the United States. | just did a study for Pranod
and M ke Gravely a year or so ago. W found a
coupl e hundred sites in California that have not
been used, that could be used for conpressed air.
There's lots of sites in other parts of the
country.

The Al abama pl ant happens to be about
where this dot is right here. You can see the
dot .

A battery plant, this is the Chino
battery built in '88 or so. This is a 10

megawatt, four-hour battery. And these are | ead
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acid batteries. And we cycle them and they work
just fine. |It's very interesting.

One subtlety. This is really unheard of
for nost power plants. Batteries and super
capacitors have a very unique feature that when
you operate themin part-load, let's say half of
their rated power, they're nore efficient than
they are at full load. That's startling.

Usually if you took a gas turbine at
half load it would be a parasite. It wouldn't
even generate anything. A coal plant at part
| oad, the heat rate junps up very high. Very
poor .

Batteri es have an opposite
characteristic in terns of efficiency, part | oad.
So they're very very attractive for regul ation
duty if they live | ong enough. A lead acid
technol ogy, unfortunately, has great part-I|oad
characteristics, |like any other battery woul d, but
it has to be replaced about every eight to ten
years because they just don't have very good
chem cal lifetine.

But why do they operate a better part
| oad, because |-square-R | osses are less. the

voltage of a battery stays relatively constant
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during discharge. It changes a little, but nopbst
of what happens at part load is the current drops
by factors of 2, let's say, at half | oad.

When the current drops by a factor of 2,
| -square drops by a factor of 4. |-square-R a
factor of 4. So the |I-square-R | osses go down as
a factor of 4 at half power. So it's actually
much nmore efficient at part load. And it'll
al ways be true in that case.

FIl ywheel s. Inside each of these
cylinders is a flywheel. And this is from Beacon
They' ve got 100 kilowatt, 15-m nute flywheel out
there. It looks pretty attractive.

This is what a SMES device | ooks |ike.
This is a 10 nmegawatt, three-hour -- three-second,
I'"'msorry, 10 negawatt, three-second SMES coil.

It was built, oh, gosh, about 20, 30 years ago up
i n Tacoma, Washi ngton, on Bonneville's system

And it was used to regulate the cycling resonant
frequency between the northwest and the

sout heast -- the sout hwest. And it worked pretty
good. Unfortunately, it was an R&D project from
the DOE. And when it was all over they disnmantled
t he nmagnet.

And this is what we call a 3 negajoule
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coil, super nagnetic coil. And it was operating
at 11 degrees Kelvin. Liquid helium Today, if
we did this again, we'd use so-called warner
superconductors and operate it around 77 Kelvin.
Still pretty -- that's warm but still dam col d.
But they can work; it can be built. But it's very
expensi ve.

Super caps. This is a picture of the
HECO, Hawai i an el ectric super capacitor. |In this
trailer there's a capacitor and invertor.

If you do the val ue proposition you
better | ook at not only low |l eveling benefits,

t hese dynam c benefits. You should | ook at
strategi ¢ enhanci ng renewabl e benefits. A CX2
reduction; mitigate the uncertainty. Storage acts
as a shock absorber. It can snpoth things out.
There's val ue there.

You shoul d | ook at your corporate goals,
your custoner perspective. And you got to | ook at
all kinds of value proposition issues when you
| ook at storage, not just one.

This is what a dispatch curve woul d
look. In this case, this is a conpressed air
storage plant, actually. This plant is running in

the blue, so it's discharging in the blue and
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I've done for

sone different utilities throughout the country.

You could | ook at the benefits in mllions of

dol l ars per year as a function of high-w nd

penetration to | oww nd penetrati

on. VWhat's the

pri ce of your offpeak energy fromw nd, |ow, nean,

hi gh. You can actually do these

chronol ogi cal ly

based val ue propositions. This is done with

EPRI's non historic software.

This is typical for the Al abama pl ant,

actually. People think you charge and di scharge a

pl ant every day. This is Monday,

Tuesday,

Wednesday t hrough Saturday and Sunday.

And what you find out,

if you do your

homewor k properly, you'll find that your offpeak

energy i s cheapest on Friday night and Saturday

ni ght, rather than every night of the weekday,

Monday, Tuesday through Thursday.
So this code, properly
figures out that it should be doi

chargi ng on weekends, the nights

in Al abanm,
ng nost of its

of the weekends.

So it conpresses, discharges, conpresses,

di scharges, but by the tine you get to Friday

afternoon the cavern is at its | owest pressure.
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Then it does all its recharge on the weekend. And
that's why the Al abama cavern is 26 hours. It
goes fromhere to there in 26 hours. So you got
to do your honework

This is a news article fromthe Texas
grid that | nentioned earlier, February 26th, the
day before this news article was witten. There
was this ERCOT emergency where they had to curtai
their industrial |oads because their w nd
generati on went down and they didn't have good
forecast for their wind, and they over-estinated
what their spinning reserve was going to be able
to do. So they had to cut out, | don't know,
sonething |i ke 500 negawatts of their industrial
| oad.

W don't want this to happen to
renewabl es. So storage could solve that.

And |I'm going to end the presentation
with these four guys, and tal k about 20, 30 years,
it was menti oned by Raynond a little earlier.
Here's our different Edison, dc, dc, dc. And
here's that little light bulb. And in 1879,
Decenber 31, 1879, in fact, is the day he showed
his successful light bulb to the general public in

alittle town called Menlo Park, New Jersey, just
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on the other side of the Hudson River.

And between 1879 and about 1920, let's
say 30, 40 years, 40 years, the light bulb
revol uti oni zed the world. Everybody that had gas
lights virtually in the world converted to
electricity in 40 years. Wthout conputers,
wi thout the smart grid and without all these fancy
t ool s we have today.

But in 40 years this guy, anobngst these
other guys I'll talk about in a second, they did a
phenomenal revolution. They converted from f ossi
lighting to electricity lighting. And Tom Edi son
is to be given a lot of credit.

Now, he happened to choose dc rather
than ac, but he did invent the |light bulb, anpbng
other things. And | would think that if he saw
the skyline of any city in the United States at
ni ght, he had a dream about his |light bulb. But I
think that what really occurred has far exceeded
his dreams. It was pretty inpressive what really
happened with that little invention.

And by the way, he's standing in front
of his invention of the electric street car. He
actually had a nanufacturing facility producing

electric street cars, and that's why | got this
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picture. So he did quite a lot. And these were
dc notors, by the way.

This is Tesla. This guy is really the
brai nchild of our electric grid today. He was the
one that educated Wstinghouse, the nechanica
engi neer Westinghouse, to cone up with ac systens.
He invented the ac induction nmotor. He invented
the fluorescent |light bulb. He invented the
radi o, by the way, it wasn't Marconi as sone
peopl e t hi nk.

He i nvented t hree-phase ac power fl ow,
pol y- phase ac systens. He figured out what VARS
were, and even today a | ot of people still don't
under st and what VARS are. But, this guy is really
to be given credit for our ac systemthat we have
in this roomtoday, and virtually everywhere el se
in the world.

We have 60 cycle in this country because
of him He specified 60. Edison specified 100
volts dc. And why do we have 110 volts in our
pl ugs today? Because the ac guys decided to go
RVS about 110 volts.

West i nghouse was the mechani cal engi neer
t hat bought Tesla's patents. They created the

first ac power plants.
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And this guy you probably don't know
about, but his nane was Steinnmetz, Charles Proteus
Steinnetz. He invented the use of the square root
of mnus 1 in all our engineering cal cul ati ons.
And |I'm sure all of us did homework with the
square root of minus 1 nmany nmany years ago.

But it was because of his mathenmati cal
prowess that he figured out he could use inaginary
nunmbers to cal cul ate nagnetic forces in ac and dc
machi nery. And he actually is the guy that nade
t he mat hemati cal nodel i ng possi ble to design ac
machi nery. And that's Steinnetz.

And he becane the head of the so-called
conput ati on departnent at General Electric in the
early days, about 1930, 1940. And he didn't even
have computers in those days, but they called it
t he conputation department of General Electric.

So, | always pull these guys out. But
what can be done in 40 years is astounding. And
it's a shane, it was nentioned earlier, that 30,
40 years ago we did all this work in renewabl es
and we're still standing here trying to do nore
wor k in renewabl es.

These guys changed the world in 40

years. So we really need to take ourselves a
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little more hunbly and ask ourself why are we so
damed slow. Conpared to these guys we are really
slow. So we got sone work to do and sone catch-
up.

So that's ny presentation. Any
questi ons now?

MR VWHTE: Can | just ask if from here,
woul d that be okay?

DR. SCHAI NKER:  Sur e.

MR. SPEAKER No. You have to cone to a
m ke or it's not on the record.

MR VHTE: [|I'mKeith Wite on the PUC
Staff. Could you conmment on whet her you think
that storage can be adequately anal yzed and
conpensat ed based on the standard market products
we have now, the tine and | ocation differentiated
energy prices and the various ancillary services
prices?

Because I'mfamiliar with sonme studies
that have tried to do that, and they've al ways had
a hard tine justifying storage, and sonet hi ng
seened to be m ssing.

So, I"'minterested in your view on that.

DR. SCHAI NKER: Well, | happen to agree

with you. Qur current price structure i s wong.
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It's not right.

There is value to the custoner base that
is not being renunerated to the people that are
provi di ng those servi ces.

For instance, VAR support is not being
pai d enough, if at all. Regulation duty has got a
little paynment, but not enough. Qur current
pricing structure is just dead wong. W've got
to change it. And it's going to be very tough
because the | awyers got to be convinced, and it's
very very tough.

So, as engineers in the engineering
econonics we've got to work with the [ awers that
are setting all these bills in notion and get that
changed. Because we really have a big problem
it's a huge stunbling block, in ny opinion.

So, | agree with you.

Yeah, Raynond.

MR, DRACKER: Just a followup. Yeah,
the storage | presented earlier has got to neke it
purely on buy-low sell-high. So, it's not easy.

But along the lines of, you know, went
t hrough this issue of how you nake a storage pl ant
economically justifiable when in the current or

the market certainly in the 90s, you know, you
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sort of, you don't have the ability to integrate
the benefits under a single utility's tent and
make it go.

But the LEAPS proj ect has been on the
drawi ng board. |Is that going to go forward? Does
anyone know about -- that's the punp hydro project
in southern California, right?

DR. SCHAI NKER: Huge punp hydro project.
It's been on the books for years.

MR. DRACKER: | thought they figured out
how to get together, Cal-1SO DW and say, okay,
these are all the benefits, let's run with this
project. And so --

DR SCHAI NKER: | don't know the answer.
I've not heard it. |If the LEAPS project is going
forward, it would have been a front-page article.
I've not seen it. So, | -- there's sonething
wong there, | don't know what it is.

The guy that m ght know is Dave Hawki ns
at the | SO He's --

MR, DRACKER: Ckay.

DR SCHAI NKER: -- been involved in that
LEAPS project. | don't know where he is right
NOw.

MR. SPEAKER: He had to | eave; he

PETERS SHORTHAND REPORTI NG CORPORATI ON (916) 362-2345



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

150
had anot her neeti ng.

DR. SCHAI NKER: Ch, he had anot her
meeting. But you know Dave Hawki ns, don't you?

MR, DRACKER: Yeah.

DR. SCHAINKER Talk to him he'll know
the answer to your question. | don't.

MR. DRACKER: But actually ny rea
question is, or ny question is do any, besides,
you know, you tal ked about the various
technol ogi es, how they fit in energy versus power
in the mx. Are any of the non sort of
mechani cal , except for SMES punped hydro and nacro
SMES, if it ever nakes a coneback, any of the
ot her technol ogi es, flywheels, advanced batteries,
make it in this four- or five-hour storage, in
your opi nion?

DR. SCHAI NKER: No, well, first, in ny
opi nion, flywheels won't nmake it, for sure, five
hours. It's only, at nost, nmybe five ninutes.

MR. DRACKER: Ckay.

DR. SCHAI NKER: It's way just too

expensi ve on a dollar per kWhbasis, for each hour

of storage, just won't nmeke it. Super caps
definitely won't nmeke it. SMES won't nmke it.
It goes back to this chart that | was
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showi ng you earlier.

MR, DRACKER: Ri ght.

DR SCHAI NKER: If the --

MR DRACKER: I wasn't sure, you know,

i f, you know, any of the batteries nmght --

DR. SCHAI NKER: Ckay, now the only
battery that might, this is a good observation
here. Well, 1'll use this pointer here. There's
an advanced battery call ed sodi um sul fur, and you
may have heard about it.

Now, it's as very dangerous battery.
Just, I'lIl put that to rest. | mean it's got
mol t en sodi um and operates 650 degrees Fahrenheit,
it's a dangerous battery.

It's got to work and work safely. So,

t he Japanese bought all the licenses fromthe

Germans and British and all. And they built sone
pretty good batteries. None of them have caught
on fire that they told us about. And they seened

to be working. So they've done sone really good
wor k.

But they're expensive. They're at | east
$500 to$ 800, mmybe even $1000 a kW per hour
st or age.

Now, sodium sul fur, when | | ooked at it
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years ago, should have been able to cone down to
$100 a kW for each hour of storage. That was the
dream This was back in 88, let's say.

That's because if you do your anal ysis
on just the cost of the materials and you multiply
by about a factor of four, you get about $100 a kW
for each hour of storage.

But they're selling these batteries,
because they don't have a nanufacturer facility
it's all in prelimnary engineering and all those
costs are in there -- they're selling themup to
$1000 a kW for each hour of storage.

So, ten hours, so your sulfur battery's
going to cost you, right off the bat, you know,
$10,000 a kW | nean it's just too expensive.

They are taking sone |osses on the first
batteries they are building for (inaudible) Power
and Ni pe (phonetic) and a few others. The
Japanese are taking | osses on them

But in the long term |l do not see that
battery being even 7 hours --

MR. DRACKER: Because in terns of, you
know, fitting the bulk renewables into a desirable
production profile froma California grid

standpoint, | think you need three, four, five
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hours mnimum And so |I've heard it asserted that
per haps, you know, there's a battery or sone other
ki nd of technol ogy that night do that --

DR. SCHAI NKER: well, --

DR. SCHAI NKER: -- but | had ny doubts.
But | just didn't know --

DR SCHAINKER A three, a three- to
five-hour battery | could believe. Lithiumion
m ght make it. A zinc brom ne mght nake it. And
it's possible.

But there's still sone technol ogy
i nmprovements that have to be nade in those so-
called flow batteries. So that's the answer to
your question. Ckay, sounds |ike we're good.

Anyt hing else? That's it. Thank you
You can change it to anot her person.

MR, BRAUN:. Ckay. Qur next speaker is
Merwin Brown from California Institute for Energy
and Environnment.

MR. BROWN: Thank you for the
i ntroduction and getting the slides set up for ne.

I''mgoing to be focusing on somet hi ng
that's different today so far, which is
technol ogi es that can change the transni ssion

system other than perhaps storage, | guess, would
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fall in this category, that would help us better
depl oy renewabl e technol ogies into the California
systent and even inport it from outside of
California, if that's what we decide to do.

So, |I'mgoing to be tal ki ng about a
rat her conpl ex system the transni ssion system
An if you hear a | ot of nmpans and groans anpbng the
audi ence, it's the electrical engineers who are
di straught and upset by ny over-sinplification of
what |'m going to describe for the transni ssion
systemin order, one, to have time to get this
done in tine; and secondly so that | and others
who aren't electrical engineers, can understand
it.

So, bear with ne, please, those of you
who are anpbng the nore educated in this area.

Wiat 1'd like to do is first of all talk
about what | call the saga of renewabl e and
transm ssion integration. |In other words, how do
we bring these two things together and have them
work and live in harnony.

So, I'd like to start ny saga with
di scussing this sonewhat fromthe viewoint of a
renewabl e power plant owner. |'m going to use

wind in this case, but you can use ot her renewabl e
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plants. And there will be a slight change in the
story as you go along. But a |ot of these things
wi Il occur on nost renewabl e power plants.

Now, being a smart owner of a renewabl e
power plant, this person is, |ike OGak Creek
Energy, is going to put their power plant out
where they get the nost wi nd. Because then they
produce the nost energy and they produce,
therefore, the cheapest kilowatt hour or they sell
enough kilowatt hours, | should say, to get nore
revenue in for their plant and technically nake
nor e noney.

So, that's where they go. They go where
the wind is. So the first question they're going
to ask, though, is how do | get ny electric power
to market. So they say, aha, -- whoops, what's
happened here? OCh, |I'msorry, the slides don't
wor k out real well.

Ckay, that is supposed to be a

transm ssion system-- | don't know what happened
in the process -- that takes the power to the
cities and other areas of population that will use

it.
And you may notice that one of the first

things is there's a big gap between where the
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power plant is and where the transni ssion system
is.

So the first thing that needs to happen
is the transm ssion system needs to be able to
provi de access to that power plant. About the
only way they can do that is they need to build
addi ti onal transm ssion |ines.

Now, one of the problens is in today's
world it's very difficult to get a transni ssion
line built. And it takes awhile. And that's why
it was kind of stuttering there. |It's a stop-and-
go process today. And it can take a long tinme.

But eventually hopefully we get these
transm ssion |ines extended out to the power plant
so they can now get their electricity to market.
And so now t he power plant owner can breathe a
sigh of relief. But it turns out that the owner's
premat ure because of the transni ssion operator
poi nts out sonething to themthat their power
pl ants have sone unusual behaviors for which the
grid wasn't designed to operate.

And al so the operators aren't famliar
with this kind of operation. And one exanpl e of
that is intermttency. But there are other

characteristics of sone renewabl e plants that al so
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bring sonme unusual features into the power grid
system

So a second thing that the transni ssion
system needs to be able to do is to accommodat e
renewabl es' uni que behaviors. Now, we're ready to
go to narket says the power plant owner.

And so he starts to do that, and ri ght
away runs into another problem It turns out al
this transm ssion, existing transm ssion, out
there is pretty much overl oaded, particularly
during peak tines. And so it runs right into
thermal limts. |In other words, you can only run
so nmuch current through these wires before they
get too hot and they either sag into sonething
like a tree and cause an outage; or they get hot
and danage the lines, and then there has to be
repai rs nade.

So, right away, the power plant owner
says, transnission, you got to find a way to get
more of nmy power to narket. I'mlinmted. So the
transm ssi on owner needs to work on that.

But even if you get that problem solved,
anot her types of problens showed up, called
instability, deratings. Now, these are a whol e

host of various kinds of unusual behaviors on the

PETERS SHORTHAND REPORTI NG CORPORATI ON (916) 362-2345



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

158
grid, or unacceptabl e behaviors of the grid, that
show up at different places and different tines.

But what happens is if the utility
operator and the owner doesn't take these into
account and derate the anount of power they're
sendi ng over the system they run the risk of
havi ng out ages.

And this particular one that |I'm show ng
here was an oscillation that occurred in 1996 on
August 10t h, that ended up bl acki ng out npbst of
the western United States. So these are serious
t hi ngs.

And this particular one, if these
instabilities were sharks, this would be the great
white shark of instabilities. It's the | ow
frequency grid oscillation. It can have very wi de
area i npacts.

So, right away there's another limt
that the power plant owner faces in trying to get
their power to market. And so that neans that
sonehow the power grid' s got to increase capacity.

So, bottomine is in order to fulfill
its renewabl e integration nission, the
transm ssion system has got to achi eve at | east

t hese broad objectives.
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One of themis to provide physical
access for each new power plant. The other one is
to be reliably accommpdat e any uni que renewabl e
generati on behaviors. And then the third one is
i ncrease its power-carrying capacity to handl e the
additional electric power flows that these new
power plants will bring.

Now, in order to neet these three
obj ectives, and say a 33 percent penetration |evel
of renewabl es, there are a nunber of things that |
thi nk need to be consi dered.

First of all, there is the traditional
build solution. And that is that transni ssion
owners invest in wires, towers and power plants.
And that's the way it's being done now npostly in
nmeeti ng these denmnands.

But, as we increase the penetration of
renewabl es, this approach becones | ee and | ess
likely to be able to handle it alone. As a matter
of fact, sone stakehol ders have told us that we're
al ready at that point where the build sol ution,
al one, won't do it.

But there are new transni ssion
technol ogi es, that could be deployed if they were

devel oped, that, at a nmininmum can make renewabl e
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i ntegration easier and perhaps | ess costly than
the traditional buildout solution if that were
your only sol ution.

And probably the best way to | ook at
that is these new technol ogi es endow t he
transni ssion systemw th i nproved and new
capabilities.

So, in order to acconplish these three
obj ectives the transni ssion system has got to
obtain i nproved and new capabilities. And here
are exanpl es of sone of them

I n providing access, and by the way, |'m
tal ki ng about the transm ssion systemin forns of
a comunity, it's not just the infrastructure, but
it's all of the institutions that surround that
i nfrastructure.

And so one of the things it needs to be
able to do is provide faster siting than we have
right now It just takes too long in order to get
transm ssion in place and also to get it approved
in order to neet the demands that we want to
achi eve with the depl oynent of renewabl e
gener ati on.

And then for accommopdating the

i nteresting behavi ors of renewabl e generati on
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there are a nunber of other capabilities |ike,
one, to be able to help and give the renewabl e
generators sort of an equal footing in
participation in the power nmarkets, which right
now it has a difficult tine doing.

And there is being able to acconmmobdat e
its dynam c behavior. This is how it behaves
during di sturbances on the grid, that is the power
pl ant behaves.

And then there's operating coordination.
In other words how do the renewabl e pl ants
coordinate with other power plants, particularly
in startup phases or ranpi ng phases.

And then there's the ranpi ng aspects of
renewabl es, itself, which tend to be, for the nost
part, faster on the uptake and on the sl owdown
than traditional power plants.

And then there's handling excess total
power and m ni num | oad, a reasonably conpl ex
subject. But if we neet our goals with renewabl e
energy we are going to run into cases where
there's extra generation above and beyond what we
need. And we'll have to back off sone existing
power plants which can create a problemw th sone

of these stability problens | was tal king about.
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And then there's the increased capacity.
One, we'd like to find technol ogi es to decrease
the thermal constraints. And then we would |ike
to be able to al so decrease the stability
constraints. And there's three major kinds,
vol tage, transient and dynam c.

And then we need to plan for the
transni ssi on system expansi on, which is often the
subj ect that's forgotten about until one goes to
t hi nki ng about how to do these things.

So, in order to get -- sone new
technol ogi es we can tal k about to provide faster
access for new renewabl e plants, could be depl oyed
by putting new transnission lines in a better
i ght.

And this is neant to be kind of a pun,
because there's two ways that | nean this. One of
themis that you actually hide the transni ssion
system take it out of the light, or at |east you
use new technol ogies that all ow you to nmake it
| ess objectionable to people who don't |like to see
t hese t hings.

And the other aspect of it is can we
change the way people | ook at transni ssion, the

way they |l ook at the value and things |like that.
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So there's a |list here of sone
technol ogies. The first half of themare
t echnol ogi es that woul d change the way the
physi cal aspects of the |lines, from undergrounding
to usi ng advanced transm ssion conductors that
woul d reduce the footprint of these systens.

And then the |l ast half of these
t echnol ogi es are processes that woul d hopefully
i ncrease the know edge of everyone involved in the
deci si onnaki ng process of whether or not to accept
a transm ssi on system

And al so bring in some things, for
exanple, that in the past have kind of been
ignored. And | know that Robert brought them up,
in the storage area, which is strategic val ue,
which often don't make it into the decisionnaking
process, and shoul d.

And so going on to | ook at sone new
technol ogi es to hel p us accommobdat e uni que
renewabl e generati on behavi ors, here we woul d use
them by nmaking the grid smarter and nore flexible
in order to handle such things as internmittency.

And here's a list, again, of
technol ogi es that could make a difference. And

you might notice that energy storage is right at
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the top of those. It could go a |ong ways of
i mproving the ability to integrate these new types
of generation.

And we had earlier this nmorning the talk
of forecasting tools, which can also go a |ong
ways. And then there's a list of other things,
such as synchrophaser neasurenents that M ke
mentioned in his presentation.

There are such things as power flow
control, and here |I'mtal ki ng about the speci al
formof power flow control, to determ ne where
power flows. But there's al so another form of
power flow control which is the storage form
which is a tenporal form of power flow control
that also fits into that category of power flow.

And then there's a nunber of other
t hi ngs, demand response, distributed generation,
generator and | oad npdeling is an inportant factor
in all this that nay not be obvious to all of you.
Statistical and probablistic forecasting tools
that were tal ked about earlier today. And
advanced intelligent protection systens.

And then | ast, some technol ogi es that
would allow us to increase the capacity by fine-

tuning the grid for greater power flow And, by
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the way, in this picture of California these
colored ovals are areas of constrained
transni ssi on where we woul d have difficulty in
putting rmuch nore increased power flow into these
ar eas.

There are a nunber, about ten of those
within California. And there are two nmjor
bottl enecks of bringing power into California from
outside. And these are constrained by a nunmber of
different things, such as thermal constraints,
stability constraints and other things related to
reliability.

In sonme cases, for exanple, up in the
north there, on the north/south CO, which stands
for the California/ Oregon Intertie, that
particul ar thing has been derated froma total
thernmal capacity, based on its thernmal linmts of
about 7000 negawatts down to 4800 negawatts.

And if we could get a handl e on
controlling sone of these problens, and if you
will, fine-tune the grid, we could perhaps
recapture sone of that capacity with relatively
| ow cost conpared to building new transni ssion
i nes.

So, here are a nunber of things we can
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| ook at. There's dynanic thernal ratings that
all ow the operator to actually know the
tenperature of the line, and therefore operate
with a | ess conservative safety nargin.

Real -ti me systens operati on using
synchrophasers and applications of them which can
do the sane thing, by the way, for some of these
instability probl ens.

The power flow control that | mentioned.
The energy storage, again, which was power fl ow
control in terns of tine.

Advanced transni ssion |ine conductors
that can carry nore power over essentially the
sane footprint; simlar with high voltage dc
current.

And di stributed generation is another
one that would cut down on the need for
transni ssi on.

And, again, there's the things like
statistical probablistic anal ysis and pl anni ng
tool s and advanced intelligent protections
systens, to nane a few

One I'd like to tal k about in specific,
only because | see it as the heart of what | call

the smart grid transmi ssion. That is the
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synchr ophaser neasurenent.

And you saw this slide a little earlier
M ke went through it rather quickly. 1'mgoing to
go through it quickly, too, but not quite so
quickly. 1'mgoing to try and expl ain some of
t hi s.

Synchr ophaser neasurenents is a
relati vely new neasuri ng devi ce by our standards,
where it takes 30 years to get a new technology in
pl ace. These were i nvented probably about 20 to
30 years ago. Happened to be, | believe, Virginia
Tech.

And they were early deployed in the west
nostly by Bonneville Power and WAPA. And t hen
| ater on Southern California and PG&E j oi ned in,
after the 1996 outage. And realized if they'd had
this technol ogy they m ght have seen this
oscillation problem coning, and prevented, or at
| east avoi ded, the danages fromthat outage.

But what this device does is it does
rather rapidly collect a whole | ot of information.
And if placed at a |ot of different places in the
grid, can give you rapid, essentially real-tine
i nformati on about the situation at that grid.

But that's not quite so inportant as
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perhaps this aspect of it, which is using GPS
satellite to tine-stanp that data, so that now by
the tinme, say, data that was generated or
collected up in Canada is collected by, say, San
Di ego Gas and Electric, a |l ong ways away, because
of the tine delay they can use this tine-stanmp to
conpare the data to know which data conpares in
southern California with the data up in Canada.

And that may not sound too inmportant to
nmost of you, but to a power engineer and a grid
operator it's extrenely valuable information to
know. And what they get is a |ot of synchronous
data that shows themthings |like they hadn't ever
seen before.

And | use the Sharp metaphor, again.

I magi ne that in the old days you went sw nni ng at
your favorite beach and you didn't have the | atest
goggl es. And you were just sw nmring al ong happy
and every once in awhile one of your co-sw mers
woul d di sappear. And you didn't know why.
Undertow, maybe? You didn't know because they

j ust di sappear ed.

Then one day you bought new goggl es and
you were able to see for the first tinme

underwater. And guess what? You'd been sw mm ng
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with sharks all this tinme. And it was the sharks
pi cki ng of f your conpani on swimmers. And you were
al so vul nerable at that tine.

So now you can better watch out for
them That's sort of what this technology is
going to do for the power grid, is allow the
operators to see things they've never been able to
see before on the grid, and see them essentially
in real tine.

Well, all this data has got to be
converted into sonething useful, as you m ght
i mgine 30 to 60 tines a second with a whole | ot
of data is going to overwhel many operator. So we
need to devel op applications to all ow the operator
to be able to get some useful infornmation out of
this. And then nake sone decisions to do
sonet hi ng about sone kind of threat that m ght be
com ng.

So, the concluding statenent built
around this particular technology is, | think,
ultimately we're going to find that the snmart grid
is going to be required to naxi n ze the anount of
renewables. | don't see any way around it w thout
bringing in these capabilities eventually at sone

time. And dependi ng on who you talk to, that's
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either got to be sooner or at |east sonetinme
| ater.

Thank you.

MR. DRACKER: A question, Merwin. So,
is the idea if you have this sort of instantaneous
view of -- would it allow the transm ssion to be
operated at closer to the ragged edge of thermal
instability limts, because now with this
information if sonething does go -- sonething goes
wr ong, they can respond?

MR, BROWN. That's part of it.

MR, DRACKER: And they don't need the
mar gi ns ever ywhere?

MR, BROWN. That is part of it, yes.
It's to be able to operate towards closer to the
ragged edge. And this isn't so nuch a desire, as
it's become a necessity --

MR. DRACKER:  Yeah.

MR, BROWN: -- as we bal ance an
i ncreasing | oad growth, increasing power flow, and
nore and nmore difficulty to build nore
transm ssion in order to handle it.

So we're being forced into it. And this
technol ogy, by the way, is being used today

already at Cal -1SO and at Southern California
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Edi son. They're operators are already using this
technol ogy. And the R&D isn't even dry yet.

MR. DRACKER: But they're still
operating CO at 48007

MR. BROWN: So far, yes.

MR, DRACKER: \Why?

MR. BROAN: Because that's going to
t ake --

MR DRACKER: That's -- want stuff to
hit the bottom ine faster.

MR. BROWN. That's because this is going
to require a wider area of coordination. And as a
matter of fact, there are neetings that we' ve been
involved in that's in the R& stage with entities
i ke Bonneville and Pacific Northwest National
Lab, and others that begin to |l ook at this
questi on.

But it's a bigger problemto tackle.
Ri ght now about all we can do is analyze the
danpi ng rati os of these | owfrequency grid
oscillations. Qur next round of research is going
to try to speed up the detection of them so we
see the sharks sooner than we can right now using
t he phaser neasurenents.

And then the second thing we've got to
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do is use these things to analyze the | ow
frequency grid oscillations in order to nmitigate
them And, again, storage may turn out to be the
answer. There are other possibilities,
generation, et cetera.

MR, DRACKER: | have another really | ow
tech question. Again, sitting here as sort of an
i ndependent power conpany, hoping that, you know,
realizing that transm ssion corridors take three
times as long to permt as power plants or
sonet hi ng; and how soon is the transm ssi on goi ng
to becone avail abl e.

But, it's nmy observation that the
bi ggest, the longest lead tine in the transni ssion
is permtting the corridor. And | just wonder why
all new corridors are not pernmitted as doubl e-
circuit 500.

You could build a double-circuit 500
tower. |'ve never seen one in California, but
it's physically possible. You could also build
750.

But, you know, whatever, if phase two
Tehachapi is double-circuit 230, why not permt
the corridor and build the towers to acconmobdat e

doubl e-circuit 500. Just operate it at single-
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circuit 230 for awhile.

But, | mean to ne, banking that corridor
i s so val uabl e. Has t hat been considered at all?
This is obviously not a technol ogy question. |
think it's a comopbnsense- -

MR, SH RMOHAMMADI : By the way, there
are sone double-circuit 500 kV lines in
California, so.

MR. DRACKER: Double-circuit on the sane
tower ?

MR, SH RMOHAMVADI : Ch, yes.

MR, DRACKER: Oh, okay, good.

MR. BROWN: But in general what you're
tal ki ng about is such things as using higher
vol t age, and usi ng perhaps special kinds of
engi neering designs to all ow nore conpact spacing.
Those ki nds of things.

And the answer is, | suspect, a
conbi nati on of econonics. It hasn't really been
tried very often. And it's just difficult enough
to get an average joe kind of transm ssion system
approved, as it is. That would be ny guess.

But, indeed, in R&D we've got our sights
set on sone of those, because eventually the

transm ssion owners in this state and the
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operators are going to be backed into a corner
where they really don't have any options, | think.
Because you're going to run out of the ability to
sight right-of-ways in any great nunbers.

So | think we'll have to go that route
eventual ly.

MR, DRACKER: But | nean it's, we're
l osing time because right nowfinally we're
getting on with getting new corridors and a
permtting pipeline. And, again, pernmt --

MR, BROWN. Right, well, --

MR, DRACKER: -- them as double-circuit
500.

MR, BROWN:. -- we aren't getting that
many new corridors. They aren't coning that fast.
And certainly a retrofit would al nost probably be
the sane as a new corridor when it cones to
permtting. So you also have to be careful how
you do that.

That's one reason maybe hi gh-
tenperature/l owsite conductors are interested,
because you can use essentially the sane wei ght of
cable, put it on the sane towers, and in theory --
in practice it's nore difficult -- in theory you

coul d doubl e the anobunt of current fl ow ng through
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those systens. |In practice it's not that sinple.
Not hi ng's ever sinmple in this business.

MR. GRAVELY: Thank you

MR, BROVWN. Yeah, thank you

MR, GRAVELY: There'll be sone tine at
the end to have questions for all the speakers,
again. So |I'd like to go ahead and of fer our
friends from Gak Creek Energy a chance to cone up
alittle bit now See if | can get the right
present ati on here.

(Pause.)

MR SH RMOHAMVADI : | don't have one.

MR, GRAVELY: OCh, you don't have one,
okay.

MR SH RMOHAMMADI :  |I'mgoing to talk --

(Pause.)

MR, SH RMOHAWMMADI :  Thank you for
inviting me; actually you invited sonebody el se,
and I''mhere for him

Tal ki ng about a shark, a few years ago
was doi ng business in Brazil and | was in the Cty
of Recife. And the first day | arrived was Sunday
and | went to the beach. And | noticed they have
the nost beautiful sea in the world -- ocean in

the world, Atlantic Ccean.
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And everybody was swi mm ng just about a
coupl e of, nmaybe 10 feet at npbst, away fromthe
shore. | said why are these people like this. So
I went forward, and | was the only one who was
doi ng t hat.

And | didn't stay out nore than half an
hour. | came out and | noticed people were
staring at me as | cane out. | can't inagi ne what
the story is.

Then when | was in ny neeting and | was
tal ki ng about what | did. They said, well, we get
one idiot tourist eaten by the sharks every week
here, so you're lucky you' re not one of those.

(Laughter.)

MR, SHI RMOHAMVADI :  Anyway, | knew about
bei ng here just two days ago, and so -- and |I'm
here for the President of Qak Creek Energy, who
asked ne to fill in for him He has sone other
matters to take care of.

My presentation is not going to be
purely fromthe point of view of a wi nd devel oper.
I"mstill, first and forenpst, a transm ssion
operator planner. So I'll have -- you have to
take whatever | say with a grain of salt in that

sense.
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A lot of the concerns and issues that
are being tal ked about for integrating renewabl e
resources is, to put it nmldly, overblown. And
for probably good reasons.

We have, for years, been exposed to w nd
power plants which were the npst rudi nentary
versions. They were not probably closely attended
to by the operators for a variety of reasons.
Probably the i ncome would cone regardl ess of what
happened.

They were type one generators with very
little capability, no pitch control. They were
all concentrated nore or less in one area, so they
were exposed to the sane wi nd regine.

And worst of all, they were not owned by
the utility. | worked for nmany years at Pacific
Gas and El ectric Conpany before, of course, going
and wor ki ng a bunch of other places, including
California | SO

So, they were not behaving well. And
nost of the operators experience with renewabl e
resources was forned on the basis of those type of
experiences. And you see that wherever you go.

And now t hat the concentration or

penetration of wind resources is increasing, or
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for that nmatter, all kinds of intermttent
resources, or -- |I'ma nenber of a NERC wor ki ng
group on integration of what we call variable
generation. That's the |atest.

So, as the penetration of variable
generation, wind generation in the system
i ncreases, the operators who have that kind of
experience are dealing with integrating such
resources with very little guidelines.

Just sone tinme ago there was an operator
who asked a wi nd power plant to go to zero, to
ranp to zero. And this generator was, a w nd
pl ant, was produci ng several hundred negawatt.
And, of course, the wind plant went to zero in
al nost |l ess than a ninute.

And, of course, the operator all of a
sudden i s short on generation because he was
expecting, |like any other thermal generator, this
wi nd plant to go down over an hour or so. And
t hen, of course, he blanes the wi nd generator, as
opposed to -- he could have easily asked, go down
to zero in a matter of one hour, as opposed to go
down to zero.

So, the fact that the operator, the w nd

pl ant operator followed his instruction literally
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is working agai nst him

Well, the event in Texas, in ERCOT,
could have been readily avoided if proper
forecasting tools were used.

So, by and |l arge, we are short of proper
procedures and guidelines in the hands of
operators to nanage our system better in presence
of these large transl ation of variabl e generators.
And we need to focus on that.

Now, if you consider that, and consider
the fact that new generational renewabl e resources
are so technol ogically advanced that they can give
you any capability that you can get froma regul ar
conventi onal generator, and then sone -- | can
say, for exanple, a type 4 wi nd generator wll
never contribute to (inaudible), for exanple.
That's a very val uabl e thing, but no other

gener ator can say that.

So, -- by the way, sone solar units can
say that if the output is -- has invertors
associated with it -- so, if the capabilities of

these units are properly used by the system
operator, you'll find that you barely need any
regul ation. You don't need anything el se nore

t han what you need if you add regul ar generation
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to the system

Except one thing, and that's upward
rampi ng. That's one thing you cannot get out of a
wi nd gener ator beyond what the wind all ows you to
have.

However, in the context of discussion
around integrating vari able generation, a | ot of
i ssues come to the fore, which really show that
the extent, probably the discussion |acks the
know edge of a system power system or |acks the
know edge of the generation technol ogi es
avai | abl e.

And | guess |I'mlucky now after working
with operating of the systemand so on, |I'm
working with these generators and seei ng what they
can do. And by the way, in our discussions and
work with NERC, they're realizing that the w nd
generators, at |least wind generators, and |'m sure
ot her renewabl e resources, are willing to operate
according to the instructions. They have
capabilities to follow the instructions.

Now, if you want to use a renewabl e
resource for ranping capability, by ny guest. The
i ssue is, of course, the econonics would prevent

you to do that because it just doesn't nmke sense.
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But if you have to do it because you have
reliabilities, we can ranp it down. | nean
there's nothing there that can prevent you to do
t hat .

The way we're working with NERC t hese
nore and nore conditions will conme out that wll
make renewabl e resources part of the power system
community, as opposed to outsiders that the
utilities and operators are | ooking at -- that
frown upon them

So, in order to integrate | arge anount
of renewabl e resources as you're seei ng happeni ng
in Europe and so on, there are a bunch of things
you can do. And |I'mgoing to quickly go through

sone of the things that comes to nmy nind. And, by

the way, | prepared ny presentation while sitting
there. If | was -- you saw ne witing
frantically. | was not taking notes on your
presentations, | was putting together sone

t houghts to present to you

The first and forenpbst is what | just
al ready said. The operators, to use the
capabilities of these generators to the maxi num
and work with them and if you have to dispatch

them considering, you know, the -- cost of
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di spatchi ng them down, ranping them down, is
what ever it is.

Well, that's the decision the operator
makes, and a | ot of renewabl e devel opers woul d be
willing to work to make that happen so that they
could -- that we woul d have a nuch nore easier
acceptance of renewabl e generation in the system
And integration would not be bl ocked based on --
forgive ne for saying this -- bogus reliability
reasons.

The other issue is we have operating --
not only the operators do not have -- have not yet
gotten used to what operating practices they
shoul d foll ow in operating renewabl e resources.
For exanple, not saying ranmp to zero, which the
guy will do, and he says, oh, I've |ost severa
hundred nmegawatt of generation.

But al so, of using better forecasting
tools, which is extrenely critical for the whole
thing. 1s conpletely rethinking operating
practices, planning and operating practices.

The deterninistic planning practices
whi ch we have been working with, and operating
practices that we have been working with for -- in

our industry nothing changes, by the way, nothing
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changes until there's a gun to our head -- and so
for decades, sinply because deterninistic planning
is sinpler, is causing two issues. Over-design in
transni ssi on, over-building transm ssion, which |
woul d never say you're over-building transni ssion
because we have so little transm ssion.

But worse yet, it will block
i nt erconnecti on of renewabl e resources if you
purely stuck to determ nistic planning and
operating criteria.

A few years back when | was at Cal -1 SO
in fact | went through that peak condition, the
one-in-ten, or in fact, maybe one-in-20 peak
condition. | was in charge of operations planning
at Cal-1SO at that tinme, for the southern grid.

And we were going through this, and of
course, we had the highest |oads ever in the
system And the wind was at its |owest point, one
of the |l owest points that it had. And yet nothing
happened.

Because if you |l ook at it
determ nistically, if you | ook at things
deternministically you woul d never plan for a
condition like that. You should, by the way, that

condi ti on.
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But at the end of the day a series of
t hi ngs shoul d happen together for a systemto fall
apart. It doesn't always happen that you have the
peak- peak | oad condition, you have, you know, one
of the |l owest wind condition, and you have a maj or
contingency in the system

You have to consider all these have
priorities. And if you want to design your system
for, you know, something that coul d happen once
every 100 years at deterninistic planning and
operating criteria forces you to. O course, you
ei ther prevent good things to happen to your
system good optim zation of your system O you
prevent good resources to interconnect to the
grid.

So, | think operators need to becone a
lot nmore familiar with operating these type of
resources.

The other thing is | focused on the
i ssue of ranping. the ranping is basically the
only criteria, the only requirenent that we need
to focus on as far as |I'mconcerned. Every
respectabl e study |'ve seen on integration of
resources they have identified that that's one

area we need to focus on.
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Load followi ng, that's actually what
it's called, load following. This is as opposed
to frequency regul ati on.

And, for exanple, that problemthat |
see canh be resol ved with expandi ng a bal anci ng
authority's footprint. So you can say that -- and
by the way, that's done by either resource-sharing
type of arrangenents, or nore than that, or
formati on of |1S0Os and RTGs, which have been very
hel pful in helping with integrati on of renewabl e
resources, because they all ow nore ranpi ng, they
provi de nmore ranping capability to be available to
the operator, to the bal anci ng area operator.

But if you | ook at the existing
operating criteria, CPS-1, CPS-2, for example, and
i f you think about those, those are really
reliability related. They're npostly econonic
rel ated, economic criteria. They're just trying
to make sure that not too much power shifts
bet ween two bal anci ng ar eas.

By sinply nodi fying those you can all ow
a lot of renewables to be inplenented. And even
areas which do not have | arge footprints, which do
not have powerful ranping capabilities.

| really am hoping that what | said is
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not an indication that, okay, we have no probl em
We have the need to add resources to the system
t echnol ogi cal solutions to the system where not
only on top of dealing with operating procedures
and better education and better understandi ng of
what the issues are.

And, to ne, to provide that kind of --
as | focused on the issue of ranping, and that's
where you see nost of the tinme people are tal king
about firm ng up systens, firnm ng the renewabl e
resources. To ne it's not firm ng renewabl e
resources, but nmaking sure that the system
overall, has a firm output.

And when it cones to firm by the way, |
don't nean nucl ear baseload firm That's not
firm that's probably the worst type of unit to
integrate in a system You have to worry about it
more than anyt hing el se, because it doesn't go
down, it doesn't go up. And if it goes down you
have to wait a couple of weeks for it to conme back
up.

And | don't renenber we ever worried
about integrating nuclear power plant in that
sense, in the sense of integration.

So, coning back to these, | think we
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definitely need nore resources that help us
i ntegrate nore vari abl e generati on, because we
need vari abl e generation for nillions of reasons.
When | say variable generation |I'mtalking
about renewabl e generation

And | quickly will go through a quick
list of what | think is good, and why it's good.
And nost of you folks actually focused on this
conponent, what |I'mgoing to talk about. So, |I'm
not going to -- | probably don't know half as nuch
about this stuff as you do.

But I'"'mgoing to look at it fromthe
poi nt of view of a system operator, and a w nd
power pl ant operator/devel oper.

As you probably know, CTs have been --
have been used a lot for firnm ng up w nd
generation. And | think that they should be --
the only good thing about themis that they're
proven. They are inefficient, polluting and
especially the type that has been installed in
downt own areas to deal w th peaking conditions,
probably run a couple of days a year, or nmaybe
five days a year, maybe a week a year. Al that
expendi ture.

And | understand that the nunbers that
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have been there for peaking units that Edi son
i mpl emented in downtown, in L.A Basin are quite
hi gh, actually.

The ot her one which can work is
diversity diverse renewabl e resources. Wnd and
solar in nmany tines, in many ways, conplenent each
ot her and provide you with all the capabilities
you need. And the profile that you would need, as
well. So, that's one way of doing it.

But, to me, like many of you, | think
storage technology is the best solution. The
concerns, of course, with that is that the
technol ogi es are still being developed. And it's
such a pity because they're being devel oped for
the past so many tens of years. |It's such a pity.

I can squirmat the thought, you know,
if tel ecomor conputer conpanies were acting like
utility conmpani es, where we would be. O other
i ndustries could survive without -- while using
1920 technol ogies, as we are in our industry.

Most of them would not survive a day
wi t hout inplenmenting the |atest R&D, things that
cone out of the R&D facilities.

Now, when | say that storage is, to ne,

the best solution, it's not only because it

PETERS SHORTHAND REPORTI NG CORPORATI ON (916) 362-2345



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

189
provi des what is essential, which is ranping
capability and other capabilities you need. But
also it provides nany ancillary benefits for the
grid.

And as was nentioned earlier, it's the
conbi nati on of those ancillary benefits and the
benefits they provide for integrating renewabl es
are critical for eventually justifying them

And, of course, they could be operated
in such a way that the output could be al ways
cl ean power.

I'd like to close ny tal k by saying that
tying the storage technol ogy, for exanple, to need
for integrating resources is an incorrect notion.
We need a storage technology with or w thout
i ntegrating resources. W have needed the storage
t echnol ogy forever.

Except that when you -- whatever it
costs you to produce and distribute and transmt
electricity, you get that an pass it on to
rat epayers, and you're guaranteed revenue, you
never think about those type of things. You never
t hi nk about bringing efficiency to the system

St orage technol ogi es are needed in our

systemin order to make the system as a whol e,
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operate better. And they, of course, have the
absol ute benefit of allow ng nore renewabl e
resources to be integrated, or be integrated nore
snoot hl y.

But we need storage, and we have needed
them and | was very glad that Merwi n Brown asked
t hat question. Wy don't we have nore storage
t echnol ogi es now. And | guess the answer still
goes back to if you don't have a downside to not
doing it, why risk it.

I'"'mdone. |1'mglad, by the way, | don't
have a handout. |If | had a handout |'d probably
end up in --

(Laughter.)

MR. GRAVELY: Thank you. Chance for one
qui ck question. Anybody have any quick questions
before we go.

Ckay, then we'll hold it till the end.
And we now, real quick, the last few
presentati ons, we're going to nake a di scernible
shift a little bit and | ook at distributed
renewabl es.

One of the things both nyself and Gerry
have begun to |l ook at in our research prograns. is

the fact that there is a | arge anount of these
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resources comng onto the grid. And in sone cases
they count for the 33 percent, and in some cases
they don't. In nost cases they don't count.

There's comments about this in a handout
that we got from one of our consultants that | had
to do alittle quick work for us. And so we want
to |l ook at that and think about that, too, as we
go forward. There nay be a day when, just Ilike
they do today in denmand response, where you have
aggregators who bid into markets with [ oad. You
may have aggregators aggregati ng renewabl es to
control them al so.

Wth that I'Il turn it over to Dan

MR, STEELEY: Ckay, thank you. M/ nane
is Bill Steeley, and | am standing in for Dan
Rastl er, who was originally asked to be here and
he's in Chio right now

And what I'mgoing to do is tal k about
the Electric Power Research Institute's DG and
energy storage program and where it touches
ongoi ng efforts to increase our renewabl es
penetrati on.

So the outline | have today is basically
going to tal k about our roadnmap and the program

that we have in program 94. And basically where
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we' ve been using energy storage, which is nainly
in grid support applications.

And then I'"m going to end the
presentation by tal king about a few projects to
assess opportunities for distributed PV and w nd
energy within our DG and ES program

Here's a roadmap of our program at EPRI
And as you can see up here we're starting sone
case denos that Robert Schai nker is headi ng up.
And al so sone smart grid denos.

And in program 94 we kind of have |ike
three buckets of projects. One for technol ogy
assessnent, technol ogy watch, economni c anal yses
that we do. And then we're doing tests and
val i date various options. And nostly right now
we're concentrating on energy storage, sodium
sul fur, zinc brom ne, vanadi umredox battery, K
(phonetic), lithiumion, hybrid DG systens.

And in here we're starting to integrate
renewabl es, which is coning up. W' ve already
started, and we have a couple projects on that
this year.

Al so, anot her bucket is the
i nterconnection and integration area, |ooking at

how we integrate distributed resources, including
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energy storage and spot grid networks, as well as
the regul ar radial system

This just gives you kind of a snapshot
of the different technol ogies we're | ooking at
here in our distributed generati on energy storage
program And up here the bul k energy storage would
be where the K goes, and is connected to the
transni ssi on system

Wiat's new in DG? W're focusing, |ike
i said, nostly on energy storage, but Dan is
actually heading up the project to look at a Rolls
Royce hybrid, or solid oxide fuel cell hybrid
systemthat's a 1 negawatt size.

And it | ooks like it could cone in at
about 60 percent efficient operation. And doing
an econonic analyses on that it looks like it
could be conpetitive with sone of the existing
technologies. And it's of a size that the
utilities are interested. So we've been pursing
that. And the first field denonstration unit is
pl anned at AEP in 2009. And this is kind of a
pi cture of what this systemw |l |ook |ike.

Here's examnpl es of sone of the fossil
fuel DG that we've been working on. And that we

want to be able to integrate with energy storage
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systens.

And right down here is a very snmall 1
kilowatt mcro-CHP systemthat's getting used
especially in the northeast. And their next nodel
they're going to integrate PV with this so that |
can handl e photovoltaics, as well.

Di stri buted energy storage systens are
gai ni ng nar ket adoption for grid support
applications right now. And here's three exanpl es
of where this is happening.

And at the sane tine we're looking to
adopt these with renewabl es and assessi ng, you
know, how can we use these systens al so used with
l'i ke wi nd energy.

Here is a slide that we got from what
AEP was doing with peak shaving on the forner,
let's see, on this substation down here at
Charl eston Substation. And basically this is some
of the data fromthat where here you are charging
during the | ow denand, using that to di scharge
during the peak hours for substation bank relief.

And t hey' ve al so done some studies to
| ook at what nonies they could nake with arbitrage
on that. |It's been fairly significant.

This is EPRI's sodium sul fur battery
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project that we're doing with NYPA, New York Power
Aut hority. And basically we're docunenting this
project and |looking at it, the | essons | earned.
It's just about ready to start operation at a
custoner in a peak-shaving application.

One of the other things that we do is
the test and validation of various advanced
battery systens. And here are two that we're
| ooking at, this alternano 50 anpere pack. And
also we're |l ooking at a case study with a prem um
power bl ock 150, which is 150 kil owatt hours
actually rated at 100 kil owatts.

And we're conducting a case study of an
alternano 1 negawatt lithiumion systemthat's
using this alternano 50 anpere pack that has
actually been tested with AES. And we're
docunenting that in a case study.

And we're al so conducting a case study
test in Knoxville with this prem um power zinc
brom ne system And one of the things that we've
been asked to |l ook at is the performance of these
systens with renewabl es |i ke wind energy. And for
frequency regul ati on.

I*' mworking on developing a field

denonstration initiative with this transportable
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zinc brom ne systemthat actually is Prenm um Power
who's the vendor. It's a half negawatt, 2
megawatt hour system

And we've had many of our utility
advi sors say that this is getting to be about the
right size where they'd be interested in putting
this at a distribution substation for relief
during tines where there could be overloads. And
getting them through the peak tines.

At the sane tinme we want to | ook at
this, it's a candi date technol ogy for w nd
i ntegration, as well.

Ri ght across the hall we have our
electric transportation group that are doing a | ot
of work with plug-in electric vehicles and
electric vehicles and everything. And because of
that, lithiumion batteries, this technology is
very big in the transportation sector. And we're
hopi ng to take advantages of what they're | earning
in there that could reduce the cost for lithium
ion in stationary energy storage applications.

Alittle over a year ago we had a sunmer
intern who did a project, and basically what we're
| ooki ng at, sol ar photovoltaics and conbined with

energy storage. And, you know, how coul d that
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benefit the infrastructure in California, |ooking
at it froma utility perspective.

And basically the overall |oad shape
curve at that tine was about here. And | ooking at
an assuned anount of PV could reduce that peak
But if you could add storage to that, we saw where
this overall peak could be greatly reduced.

And so if storage is added the benefits
woul d be enhanced significantly. And especially
by the fact that storage is dispatchable. And,
you know, unfortunately even though PV, as it has
been said before, pretty nmuch natches the peak
here in California, still there's sone tines when
it may not exactly do that.

And then in the same study the
conbi nati on of distributed energy storage was put
with solar PV, and two benefits cane out of this
conpl enentary peak shaving. Solar shaves the
first half of the peak and part of the second.

And storage could do the rest, whatever it didn't
do.

And al so another benefit was reduction
of installation of bal ance the system cost,
primarily because both could use a conbi ned

i nvertor.
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And then there was econoni c anal ysi s,
which I won't get into, using a tool that kind of
showed t hi s.

Now, we have a coupl e of projects that
we're doing this year actually, |ooking at energy
storage solutions that will help enable PV and
support custoner peak | oad shifting.

We have devel oped a functiona
specification. And the idea is that we're testing
vari ous energy storage systems that could be used
in conbination with PV with a snmart controller
And this is kind of shown nore on the next slide
her e.

We have this initial specification of a
2 kilowatt, 10 kil owatt hour battery down here,
energy storage battery. And basically operating
in combination with this PV, 3 kilowatt PV array.
The idea of if we had comrunication to the utility
t hrough automated nmetering infrastructure, a snart
met er or other conmmuni cati on systens right here,

the idea of this system here would be to keep the

resi dential house energy bill as | ow as possi bl e,
and al so be used by the utility to hel p make sure
that if, for some reason, doing this -- well,

basically to hel p shave the system peak
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Now this m ght occur at the sane tine as
reduci ng the peak denand at the househol d. But,
basically that the utility could be able to cal
on this as well as the house owner, so that there
woul d be doubl e benefits for doing this.

And finally the last project that we're
doing this year in this year's base program and
Robert had kind of put this up here, as well, K
systemrequirenents in cycles to support |arge
wi nd.

It's a twofold objective. To identify
the various K system design, of which there's a
| ot of different designs, but which design is best
in supporting wi nd resource penetration. And what
can it do, basically what are the opportunities
that K could be used in supporting w nd.

Basically one of the main things is
movi ng of f peak wi nd energy to onpeak denmand tine
periods. And then also to nmitigate wi nd generator
fluctuati ng power issues. Another could possibly
be maybe a regul ati on of sone type.

But those are the two nmain things. And
we t hink that even though a lot of tines folks in
the wind energy community don't see -- they think

that wind could just be connected to the system
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We think that the utility would like to be able to
get it at tines when they really need it, during
t he peaks, and have it stored like during the
of f peak so they woul dn't have to worry about
turni ng down their basel oad plants and things |ike
t hat .

So, that's all | have to say for now.

If there's any questions, maybe | could field
those | ater.

MR, GRAVELY: Thanks, (inaudible).

MR, BRAUN:. Thank you, Bill.

MR, STEELEY: Sure.

MR. BRAUN: Qur next few speakers are
going to touch on sone things that were nentioned
earlier. Merwin's presentation nentioned vari ous
di stri buted generation as an additive to sone
i ssues on the transmi ssion system

And in ny talk earlier | mentioned that
sone renewabl e technol ogi es are al ready bei ng
depl oyed, and can either scale up or scal e down
into the md-size range, the nid-scal e range, the
communi ty-scal e range. Photovoltaics is scaling
up into that range, and w nd technol ogi es
certainly can -- is nodul ar enough to be scaling

into the community scal e.
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So the first speaker |'m pleased to
i ntroduce is Joe Henri w th SunEdi son. And
SunEdi son is a conpany that's nmaking its mark in
depl oyi ng and financing solar electric systens.

MR. HENRI: Thanks very nuch. Does
anyone here in the audi ence have a solar system on
their hone, by any chance? | have to confess |
don't, either. They're very expensive, which is
why |I'mparticularly excited about the idea of
community solar. Because it's a way that nore
peopl e can get involved in having solar on their
homes, or the whole conmmunity could install solar

But there are sone challenges, and I'd
like to go through real quickly perhaps sone of
t he background on photovoltaics. A lot of folks
know quite a bit, |I'msure, about it, but I'd like
to review sone basics. And also talk a little bit
about sone of the financing that goes on. And |
prom se not to take very long doing it.

So, quickly, this is just for
credibility, not commercial purposes here.

SunEdi son i s 450 enpl oyees in North Anerica. W
have offices across the country, also in Canada
and Spai n.

Qur service that we provide is we focus
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on the nonresidential narket, so we're not doing
househol ds or roofs on your house. W do work
with large retail custoners, governnent custoners
and ot her nonprofits.

A coupl e of noteworthy things about
SunEdi son, just in terns of giving you an idea of
what scale of things that we've done. W're
devel oping a large solar farmup in Ontario, 9.1
megawatts. We've brought up and are operating a
sol ar plant for Excel Energy in Al anpbsa, Col orado.
It's 8.2 negawatts. And we've just announced a
project we're going to be doing for Duke Energy in
North Carolina, which is 21.5 negawatts.

So we're on a conpletely different
scal e, perhaps, than what we saw a little bit
earlier with the concentrating solar. W're not
nearly as |large yet, but, you know, as we were

just saying, Gerry was saying earlier, we're

growing. But we're still pretty snmall.
Well, that being said, photovoltaics has
arrived. | nean it is functional, it really

works. And as long as the sun is shining, you
know, we're maki ng power.
This is a picture of the Al anpbsa project

out in Al anpsa, Colorado. And it uses a variety
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of photovoltaic technol ogies. You can see sone of
our trackers there in the upper right-hand part of
the screen, as well as the fixed panels.

So, very quickly, just to go through
sone of the old PV nyths. Primarily that PV s too
snall and it's too expensive. WlIlIl, there's a
coupl e of different ways that PV gets depl oyed.

We see it being deployed in distributed
generation. W just had a couple of great
present ati ons here about distributed types of
t echnol ogi es.

The California Solar Initiative is
arguably the best rebate programin the United
States. W' ve, through the CSI and through other
programs that have been adnini stered by the CEC
and the CPUC, we've installed well over 300
megawatts of grid-connected PV.

And at 18 nonths, nore than 11, 600
applications for photovoltaic systens have been
recei ved by the CSI program adni ni strators. By
nunmber of applications, primarily residential.

But by nunber of nmegawatts we're tal king nostly
commer ci al applications.

So, just to be clear, on DG we're

tal ki ng about systems that are installed on the

PETERS SHORTHAND REPORTI NG CORPORATI ON (916) 362-2345



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

204
custoner's side of the neter where they reduce the
custoner's | oad.

We are al so seeing a | arger depl oynment

now of what we call utility-scale PV. So these
are the vast fields, |like Al anpbsa, for instance.
But we're not the only ones doing that. So Excel

Energy in Col orado, 8.2 negawatts; Nevada Power,
of course in Nevada, is 14 negawatts at Nellis Air
Force Base, that was a SunPower project.

And then we've seen announcenents for
Sout hern California Edison in their RPS. There's
a first solar project, a 21 negawatts. Again, our
Duke Energy project, North Carolina, 22. And then
Fl ori da Power and Light, 35 negawatts of total
proj ects.

So we're beginning to see sone very
| arge scal e stuff happening in photovoltaics.
It's not too small, it's actually getting bigger,
and we're actually having sone scal e where the
econoni es of scale can really make a difference
for us.

So, costs. Now |l stole this chart from
a presentation that was done by the Nationa
Renewabl e Energy Laboratory. So hopefully that

gives it alittle bit nore credibility. 1t's not

PETERS SHORTHAND REPORTI NG CORPORATI ON (916) 362-2345



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

205
just wishful thinking on the part of the
phot ovol tai cs i ndustry.

But if you take a | ook at the bottom
part here, we see this blue line is the cost --
this is the typical average cost across he United
States for whol esal e generation prices for
utilities. And then this bar here, the yell ow
bar, is the residential and conmercial rates.

The descendi ng sl oping area here is he cost of
phot ovol t ai c syst ens.

So, what we're seeing is that
manuf acturi ng technol ogi es i nproved. More and
more sources of silica are arriving on the market.
We're seeing nore and nore conpetition and nore
and nore players. System prices are declining
rapidly.

And you can, according to this chart,
dependi ng on where you are, what state you're in,
we're looking at grid parity at sonewhere around
2012. Deutchebank al so cane out recently with a
sim | ar assessnent. They basically cane out with
sonething very simlar in terns of when they
expect to see grid parity.

All right. So, prices are com ng down.

We're seeing a ot of different types of
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depl oynent. Wiy aren't we seei ng nore happen at
the comunity scale? Let's talk about that a
little bit.

Ch, |I'"'msorry, before we go on, an
i mportant new financing tool, too. So this is
al so helping to deploy a |lot of solar. The power
purchase agreenent. So, how namny fol ks have ever
| eased a car? Anyone? At |east one, two, three.
Ckay, good.

So, this will be easy for you. Wth the
power purchase agreenent the difference between
this and a conventional solar sale is that the
custoner doesn't buy the system They just buy
the power. So that the facility, the solar
system is owned by, you know, SunEdi son in our
case, or by the other PPA provider. And only the
el ectrical output of that systemis sold to the
cust omer.

Thi s has sone advant ages, of course.
From the custoner's perspective they don't have to
operate or naintain the system And they only pay
for what they actually get. Fromthe perspective
of the PPA provider you can do |l arger scale
projects, you can attract financing from Wl

Street basically to invest in your funds, to own
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t hese systens.

And the cost of doing this, if you're
focused on the | arger scale systens, can be driven
down quite dranatically. That's the whole prem se
of the SunEdi son busi ness nodel. And you're
seeing a |l ot of other conpanies to it, as well

So, just to go over this again, rea
quickly. Basically the -- here's your handy-dandy
SunEdi son sol ar systemup on the roof of a |arge
commercial project. Kilowatt hours are sold to
the host custoner. Host custoner pays only for
what they get out of that system

But it's also inportant to note that the
custoner isn't going to get all of their power
needs met by the solar system Probably 40, 45
percent max is what we typically see. So their
remai ni ng energy needs are still going to be
provided by their trusty utility conpany over
here.

There are different PPA arrangenents, of
course; different conpani es have different focuses
and have tried different things. But alnost all
PPAs have the same basic provisions, paynents
based on actual system production. They're

usual Il y about 20 years long and there are early
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terni nati on provisions.

You have to deal with what happens to
the systemat the end of the contract; what are
you going to do with the renewabl e energy credits.
WIl there be green clainms; are the credits
retai ned by the host custoner or retained by the
PPA provi der.

And then in the event that the PPA
provi der goes bankrupt or sonething |like that,
what happens to the system You know, who owns it
afterwards and what's the disposition. Al those
t hi ngs have to be covered in the PPA arrangenent.

So, community solar. Here's an idea
that we' ve been tal ki ng about at SunEdi son and
trying to figure out how to deploy. But we've
been unsuccessful and I'll talk about that in just
a m nute.

But the idea is pretty sinple.

Basically you have a system a centralized system
sonewhere. You can put this on waste land |like a
landfill, or on a mlitary base or sonething |ike
that. But the system provi des energy and green
attributes to your |local electric distribution
conpany. Wo then sells that power to individual

custoners who have signed up for getting sol ar
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power .

So, SMUD, for instance, Sacranento
Muni ci pal Utility District here has what they cal
their solar shares program And it's not exactly
l'i ke this, perhaps, but it's the sane concept. |If
you subscri be you can basically own a portion of a
| arger system |It's not on your house, it's
sonewhere el se, but you're going to have that
pi ece.

So, that's the idea of comunity sol ar,
at least in our nmnds, is that you' ve got
centralized, you know, perhaps these are
distributed across rooftops on city properties, or
| arge comrerci al properties throughout the city,
but i ndivi dual ratepayers over here can own a
portion or subscribe to a portion of that.

A nodel that might be kind of simlar
here, server farnms, for instance, if you're
fam liar with how t hat market worKks.

So, the fol ks over here are getting
sol ar energy. There's an opportunity for training
and community devel opnent. So if these are | ow
i ncome fol ks, for instance, and you're putting
your centralized solar systemon an area close to

a lowincone community, this mght actually
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provi de jobs and training.

And then California' s renewabl e energy
goal s are al so being net because this is clean
nonem tting generation

So, just to go over it real quick. The,
what we call solar parks, could be devel oped
al nost anywhere within a city limts. Uilities
woul d purchase the power directly fromthe solar
park at fixed rates with special purpose tariffs
or through bilateral arrangenents. And then
utilities pass that through to participating
custoners. And there's different ways that could
show up on a custoner's bill. It can either be

dead netered, which we do today. O you could do

it with sort of a fixed billing credit instead.
So, that's a concept. That's a way you
could get solar into a comunity. It doesn't

requi re that anyone put the nopney upfront to
actually put solar on their own rooftop. They
could apply to residential custoners, it could
apply to commerci al custoners.

So, why aren't we doing it? It seens so
sinple. The technology is certainly there. Naybe
the best way to describe it is it's a software

pr obl em
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So, we've had sonething called community
choi ce aggregati on, which was | egislation that was
approved here in Sacranento. |It's been under
various, it's been inplemented, you know, for a
number of years now. It's going through an
i npl emrent ati on process, perhaps is the best way to
put it, a the Public Uilities Conmni ssion

And that has basically taken the w nd
out of any other opportunities. CCA,
unfortunately, is still not a successful program
And the idea here was that a community could
decide to becone its own -- have its own
generation portfolio that would then be delivered
through their utility grid. WlIlIl, it's a great
idea, it just hasn't happened.

Anot her barrier that's in the way,
electric sales to retail custoners is called
direct access if you're not a utility. And in
California ever since the energy crisis, direct
access has been suspended. So that's not an
opti on anynore.

Fifteen -- ten years ago, you could have
gone to Greennopuntai n Energy or soneone |ike that
and done this, but you can't do that today in

Cal i forni a.
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And then finally, even if you weren't
goi ng to pursue those other options, what if the
utility was just going to do this, utilities
generally call this retail wheeling. And it's not
really a popul ar option sinply because it's
conplex in terns of the billing. You have to have
new tariffs and you have to spend a lot of tine
and effort to figure out exactly how to make this
work. But as | said before, it's not a hardware
issue, it's a software issue.

All right, so what else can conmunities
do if they're really interested in installing
solar. So, it's really inportant to remenber that
your | ocal government can have a huge inpact on
the cost of solar. Not just on the panels and the
racki ng and the invertors and those types of
things, but on the other costs that go into
installing solar. Because every sol ar
installation has to be pernitted and it's al ways
| ocal .

So, streanmlining pernitting processes,
maki ng sure that your local utility all ows
i nterconnection to the grid. And, of course, wth
the investor-owned utilities in California, that's

not a problemat all.
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And then there are sone other things, as
well. | won't read that whole list there. But
there -- basically the community can al so ask
itself, what are we doing to encourage sol ar

And because we pai d good noney for these
pictures | wanted to put one nore picture of
Al anpbsa in there just to rem nd fol ks that people
are doing this. [It's not just here in California,
but there are plenty of installations going on in
ot her states across the country. This is real and
it's really happening.

And that's the end. Thank you very
nmuch.

Any questions? |'d be happy to answer
questions while I'mup here. Ckay, no questi ons,

t hanks.

MR. BRAUN:  You answered all the
questi ons.

Qur next speaker is Case Van Dam who is
the Executive Director of the California Wnd
Energy Col | aborative. | nentioned the
Col | aboratives earlier. And Case is going to give
us a view of wind at the community scale, and sone
experience fromwhere that's happeni ng.

MR. VAN DAM Thank you, GCerry, for the

PETERS SHORTHAND REPORTI NG CORPORATI ON (916) 362-2345



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

214
i ntroduction. So, yeah, wind conmunity in
bui I di ng i ndustrial scale, we've gotten involved
in that over the last year. Mre and npre because
of increased interest in solar as indicated by the
previ ous speaker at the residential and conmunity-
scale level. And also very much interest in w nd
at those scal es.

So, like to al so acknowl edge the two co-
aut hors, Henry Shiu and Scott Johnson, two
engi neers working with ne.

"Il go through this fairly quickly
actually; it's getting alittle bit late in the
afternoon, and you have all the material. So I'll
step through this fairly quickly, but | think it
gi ves a good overvi ew of what's here, what the
possibilities are.

So, look a little bit at the industry
status, system configuration and costs, economic
considerations. And then a particul ar case study,
an agricultural case study. And I think that is
growi ng nore and nore interest, | think, from
people. And also sone future opportunities and
sone hurdles that we still face.

So why wi nd energy? W' ve heard quite a

bit about that. It's clean, it's renewabl e. The
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installation, it can be rapidly depl oyed once the
permtting process is dealt wth.

Noncentralized installation and
operation provides security of electric energy.
And it is economc, cost effective energy. And it
provi des sone significant | ocal econonic benefits.

So wind, big and snall, a | ot has been
said about utility-scale wi nd energy, and there
you see the typical sizes in terns of rated power

capacity, 1 to 3 negawatts; rotor dianeters up to

and out 300 feet height. That sonetines exceed
500 feet. And it is, of course, very nuch focused
on the utility-scale.

Power generations supplyi ng power
directly to the grids. And the small distributed,
much small er, of course. There we're talking
typically small distributed wind, |ess than 100
kil owatt .

Rot or di ameters about 60 feet height,
| ess than 150 feet. And | have to get sone water
somewher e

And so here we are nuch nore interested
in the powering nearby -- thank you -- providing
power for nearby applications.

To put it all in kind of -- make it all
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visual, on the right-hand side you see a bl ade for
a very popul ar Sout hwest Skystream 1.9 kil owatt
machi ne. And on the |left-hand side you see the
bl ade for Vestas, | think it's V80, nmybe actually
be even a V90, which is a 3 negawatt nachi ne. So,
very different.

And here then you see the typica
applications of residential and al so community-
based wi nd. These are fairly snall w nd turbines
in this case, 200 kilowatt or less. Stand-al one
hybrids, on-grid and off-grid.

So, let's look at this industry in a

little bit nore detail. Wat is actually not well
recogni zed, the U S. dom nates this narket. This
is one area we still, we doninate the snmall w nd
mar ket .

If you | ook at here the outside the
United States 2006 sales, 19.5 negawatts, $61
mllion, 97 percent manufactured in the U S. And
what industry do we hear nowadays 97 percent
manuf actured in the United States. |In the U S.
2006 U.S. sales, 98 percent nanufactured in the
U S

But, again, we're facing nore and nore

conpetition. There's a |lot of conpanies popping
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up in Europe and Asia. And | think this story is
going to change in the conmng years. U S. narket
grow h estinates at 14 to 25 percent annual .

But notice that the total nunbers are
fairly nodest conpared to, you know, here you | ook
at the 17.5 negawatts and 19.5 negawatts. So,
about 38 negawatts or sonething like that. That's
l ess than SMJD s installed over the recent year in
Sol ano, using a few V90s.

Oofgrid, where this here is ongrid
typical configurations with a battery backup or
just the basic systemjust behind the neter. No
storage at all. W still see a lot of offgrid, of
course, applications here. You see here with just
wind alone with the battery storage. And then, of
course, you can al so hybridize the systemw th PV,
optional, you know, the diesel generator for
i nstance, and then your battery bank.

So let's | ook at the cost then. What
are we | ooking at. And the photo shows a 10 kW
Ber gey, Bergey Excel, as one of the nore popul ar
systens. This installation is not too far from
here. You can see it fromIl-80, it's near D xon.

This is a 10 kWsystem $41, 000 not

i ncluding permits. And that is also -- so no
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rebates involved. So it is very conpetitive at $4
per watts.

Let's look at a little bit newer system
here that's drawing a |lot of attention. | pointed
out before, the Sout hwest W ndpower Skystream
This is a 1.8 to 2 kilowatt system dependi ng how
you configure it. And this is, of course, on a
little bit different, a npbnopole, alittle nore
expensive as a result. $12,500 not including
permts, and of course, also not accounting for
any rebates. So, again, a very -- still a very
conpetitive price.

So then, zeroing a little nore into the
econoni cs, the econonics of utility-scale w nd,
small wind, they are very different. System costs
have been fairly steady at $5 per watt. About 15-
to 18-cents per kilowatt hour. Again, these
figures do not include incentives. Conpare that
to utility-scale wind, right now we're tal king
about $1.80 or so per watt for installed, |ooking
at 4 to 7 cents per kilowatt hour. So very very
di fferent nunbers there.

But still 1 think because of the
di fferent applicati on now we conpeting or we're

| ooki ng at things behind the neter. So, net
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metering and i ncentives substantially change the
economni cs of these systens.

Because now you're | ooking at these kind
of rates, of course, 11 to 36 cents per kilowatt
hour; average 16 cents per kilowatt hour when you
| ook at the residential single rate. And then
it's up fromthere in California, depending on
your energy usage. And you'll see that also in
the exanple | have a little later on for an
agricul tural application.

The i ncentive prograns are very
important, and California definitely is the | eader
when it comes to its emergi ng renewabl es program
You see here sone of the nunmbers fromzero to 7.5
kilowatts, $2.50 per watt, and what is interesting
to ne, there's still a lot of people -- getting a
| ot of calls about what the federal governnent can
do for you in terns of providing rebates or tax
cuts for systens. And when you point out to them
that California has one of the best rebate
programs in the country, naybe even in the world,
a lot of people are quite surprised about that.

Because this is, if you |l ook at that,
this is about 50 percent of the total cost of a

systemin terns of what you get back in terms of
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t he rebate.

We al so have the STIP program And then
as you go to agricultural application, USDA has
al so a very nice program provi ding grants and
| oans.

A lot, on a regular basis nowadays we
get calls about new snmall w ndpower systens. And
you see sone pictures there of sone of the systens
t hat have entered the market or are trying to
enter the narket, as we speak.

W nd turbine designs, however, have
evolved into the current configurations, -- it's a
little bit different fromthese, for sound
engi neering and econoni ¢c reasons. You have to be
alittle bit careful here, but many of these
manuf acturers are goi ng through sone very detail ed
testing prograns to devel op their products.

So when you talk to potential custoners
you al ways point out the eligibility for the
California ERP rebates is one indication that a
turbine is reliable.

There are sone requirenents in order to
get onto this list. And | think it's inportant to
only |l ook at the equipnent on this I|ist.

What is actually even nmore encouragi ng,
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the snall wind industry is working on a turbine
certification program And that should hopefully
fall in place next year. And | think that will
very nuch hel p potential customers to kind of give
them a better feel if the turbine that they are
interested in buying, if it has been vetted.

Because right now the proof is still in
t he puddi ng. You know, the best indication of a
good turbine is a history of successful operation.
And that makes it sonetines difficult for these
newer systems, because there is really, quite
often there's no or very little operational data.

Here is actually the current CEC ERP
snall turbine list. You see the Bergeys there;
you see the Sout hwest Wnd Power; you see sone
newer players, too. |It's kind of interesting, |
check this list once a nonth or sonething of that.
And on a regul ar basis you see new products
popping up on this list indicating the interest in
distributed wind. New conpanies |ike PacW nd
here. W see here also on the bottom here, | ooks
like -- I"'mnot quite famliar with this product,
but a Chi nese product poppi ng up, and others.

The | argest you see here is Northern

Power Systens, 100 kW And then we see al so one
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or two 50 kWsystens on there. But npbst of them
are in the 10 kilowatts or snaller

So, how do you go about, you know,
pi cking the systemfirst. |Is wind right for a
particul ar application, distributed application.
And then the first one we al ways poi nt people to
t he ordi nances and pernmitting requirenents.

And | think tal king about one of the
bi ggest hurdles which we still face in California
is the ordi nances and pernits dependi ng on the
| ocale. And then you do your -- performthe
energy producti on and econoni c anal ysi s.

The ordi nances and permtting, pretty
wel | known. Here, for instance, we have an
exanple from Monterey County. This is for small
wind, a mninmmof two tines the total height from
property line. Mnimumof at |least five tines the
hei ght from any public road or hi ghway. M ninmum
of at least 1.25 tines the height from any
habi tabl e structure. That's the setbacks and then
the heights. Maxinmumtotal height nmay be linmted
to 100 feet.

And then the issue for pernitting fees.
Again, very variable in the state. Sone counties

just charge only a few hundred doll ars; others are
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much nore expensive. Mnterey County is probably
t he nbst expensive county in the state, | think.
For a small wi nd systemright now when you like to
permt that in Mnterey County, the starting price
is $3500. So that is doubling the price of the
system pretty nuch, if you look at a 1 kWsystem
for instance.

So, let's |l ook at a case study,
irrigation in Salinas Valley. Two wells; each
well right now they're operating two 50 kW punps.
Here you see the two wells, and they are two
different rate structures, AG 1B and AG 5B

Here you see the total energy usage, and
it is alnmobst -- it is quite significant. The
total cost for a 450-acre ranch, they spent in
2007 $42,000, nore than $42,000 in electric costs
to operate the punps.

So we | ooked at could you do sonething
in that area with wind. And this is the w nd
resource nearby. It was -- you see here the hour
of the day. So nidnight, nidday, |ate afternoon.
And then this is time of the year, January through
Decenber.

The bright colors indicate the higher

wi nd speed. So definitely, if you |look at the
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tenporal signal, things | ook good. Good w nds
during the sunmmer in the |ate afternoon

In an absol ute sense the w nds were not
all that great. They were fairly nodest,
actually. So even with, as you see in a nonent,
even for the snallest wind site, the payoffs were
pretty good.

So we picked this the w nd turbine.
Again, | have nentioned a few wi nd turbi nes here.
We just picked them as industry exanples. W are
not getting anything fromthese nanufacturers in
terns of nention of products. W are not working
on any of these turbines.

So this is Entegrity EW15. W picked
this one because it is alittle larger, 50 kW
Put it on a 100-foot pole. And then also
i mportant fromthe agriculture application, we
| ooked at the footprints, how nuch | and you need
for this turbine to be installed, including guy-
wi red and any foundati on.

So here's the econonic analysis. And to
gi ve you an exanpl e what can be done with these
ki nd of systems. Here for well AG 1B, we had
actually there the one 50 kW nachi ne, which

provi ded about 70 percent of its energy on an
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annual basis. Energy cost savings about $10, 000.
And then after the rebates turbine cost is -- here
we're tal king about a much | arger system
$215,000. SA P, USDA final cost $86,000. Sinple
payback period 8.2 years.

For well two, because of the different
rate schedule, it was not as attractive. Here the
savi ngs was about $6700 on an annual basis, and a
si npl e payback period gi ve you about 13 years.

So, ways to do things better. |If you
can do any peak denmand shaving; this is especially
true for well two. The rate schedule, and that,
of course, with energy storage option, batteries,
maybe water towers, the econonmics nay | ook a
little bit better.

So, with that I'd like to junp to ny
| ast slide. W believe that w nd energy
depl oynent at conmmunity and distribution levels in
California would yield benefits for everyone. |
think reduce the electricity needs. | nean the
electricity needs fromthe grid and the cost for
the operators. Definitely significantly reduced
enm ssi ons.

California is well situated to nmaxinize

the benefits of wi nd energy at comunity and
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bui l di ng/i ndustrial scale. W have a fairly
decent wind resource. It is not great, not as
great as in the nidwest. But there are some areas
of excellent wi nd resource in the state.

We have a terrific net metering program
We have a terrific rebate program So those are
all on the plus side.

And then here we come, here are the
negati ves. W have a kind of a very scattered
permtting requirenent. It's not very uniform
It's not very transparent.

And it is do-able if you pernmt, nmaybe,
a utility-scale wind plant. If you're installing
150 nmegawatts of wi nd energy you can afford a few
| ayers to deal with these issues. |If you instal
your own little wind turbine, you have nuch | ess
tine to deal with these requirenents.

The fee structures are al so kind of
varied quite a bit across the state.

And | ast, but not least, there is this
i ssue of equi pnent verification. And the good
news is that is coming. | think in the coning
year we will have a certification programin place
for small wind. And | think that will definitely

make it much easier for the consuners to pick
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equi pnent that is right for their application.

And that ends ny tal k, thank you.

MR. BRAUN: Any questions? Yes.

MR. KULKARNI : | was wondering, does
your payback figure take into consideration the
i nvestnment tax credits -- or are they just plain
savi ngs?

MR. VAN DAM It's a very sinple
payback, yeah. This is the final -- is the cost
after. It doesn't even take into account any
federal tax, depreciation or anything else, no.
It's just looking at the cost of the system
di vided by the savings. And that cones up -- that
| eads to the sinple payback

MR, KULKARNI: So it might | ook nmuch
better in -- and that's with the real npney in
your pocket?

MR VAN DAM Yeah.

MR KULKARNI : Ckay.

MR. VAN DAM Yeah, | think if you start
to take in sonme of the tax benefits and et cetera,
it would even be shorter, yeah. Thank you.

MR, BRAUN: Ckay. | just want to
mention that for those of you who picked up the

handouts early in the day there are a couple nore
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that are out there. So, as you | eave, don't
forget to pick up the ones you didn't get.

MR, GRAVELY: So, we have nobst of our

speakers still around. And |I'd pose it here, if
you have a chance, take a chair, if you would. Co
ahead and -- take your questions.

And 1'd like to rem nd everyone that we
do have -- one of the handouts here is a series of
questions. And feel free to augnent these
comments with comments of your own. But there are
sone specific statenents and comrents. W're
interested in your assessnent of the validity of
t he enmergi ng technol ogy i nfornmati on, and al so your
comments on sone of those things.

So, | think what we're going to do is --
comment session, we have one, just one, right,
presenter?

MR. SPEAKER: W have two.

MR, GRAVELY: Two presenters that are
going to present briefly for us some technol ogi es
that are specifically oriented towards increasing
renewabl e power -- in California fromdifferent
ways.

And | think our first speaker is here

today from 3M

PETERS SHORTHAND REPORTI NG CORPORATI ON (916) 362-2345



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

229

MS. JAMES-KING  Good afternoon. |I'm
Suzanne Janes-King from 3M s ACCR, al um num
conduct or conposite reinforced, as an innovative,
hi gh-tenp, | ow sag conductor that is a way of
hel ping to provide renewabl e energy to attach it
to the grid. And also to get nore power on the
grid for you.

Basically this is a product of 3Ms
di versified technology. 3M npbst of you know, to
i ntroduce, in 2007 did a little over $24 billion
in worldwi de sales. W sell products in nearly
200 countries. W have 76,000 enpl oyees with
34,000 in the U. S

And what we strive to do is provide
practical ingenious solutions to help our
cust oners succeed.

In California alone, 10 percent of our
U S. enployees reside here, a little nore, 3511
enpl oyees and retirees are in the State of
California. Wth a total payroll of over $139
mllion.

So what is 3M s al um num conduct or
conposite reinforced? Basically it's a high-
vol t age, overhead transm ssi on conductor that was

designed as a drop-in replacenent for traditional
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steel core conductors. To be used on existing
thermally limted lines, to allow utilities to use
their existing structures and assets, and yet
carry two to three tines the current.

So, if a utility's upgrade, they're
| ooking at a |l arge capacity increase, as
mentioned, two to three tines their existing line.
They're |l ooking at a costly or risky construction
process. They're |ooking at nodi fying or
repl aci ng structures.

They coul d be | ooki ng at chal |l engi ng
i nstal |l ati ons such as wat erways or hi ghway
crossi ngs or canyons through forests. Everyone
needs | ower cost and qui ck back-to-service. They
want a highly reliable proven solution. W al
want that. Then that's when they shoul d be
| ooki ng at 3M s ACCR

How we do this is sinply, as |
mentioned, it's a high-tenp, | ow sag conductor.
In this exanple we're | ooking at a traditional
steel core conductor, ACSS, conpared to 3Ms ACCR
As a function of weight, if all your design and
weat her conditions are the sane, a steel core
conductor will hang | ower at anbi ent tenperature,

as a function of weight. The steel core weighs
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about twi ce as nuch as 3M s conposite core.

Now, as you put current through it,

t hough, the alumi num matri x and the 3M core does
not expand as nuch as the steel core does as power
goes through it and heat increases.

Therefore, in this exanple at 75 Cel sius
and a little over 800 anps, as steel core
conductor would hit the sag cl earance, and at that
poi nt the power transfer is linmted because of sag
cl ear ance.

However, with 3M s innovative conductor
you can keep putting the power through it up to
240 Cel sius, which is the energency-rated
tenperature of the conductor, and al nost 1800 anps
before that sag cl earance would be net.

That's how you are able to put nore
power through the conductor on existing structures
under existing design conditions.

This is a breakthrough in materi al
science by 3M scientists. They were really
| ooking for a new netal to use in jet aircraft
engi nes for the Departnent of Defense. And what
they canme up with was an al umi num oxi de fi ber
known as 3M Nextel Fiber that they then enbedded

with pure aluminumto nmake a core that's all
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al umi num based, conbi ned with al um num zi rconi um
on the outside. It gives you a strong,

i ght wei ght conductor. Think of this as the
strength of a steel core conductor with the wei ght
of an all -al uni num conduct or . Low t her mal
expansi on and a hi gh nodul us.

Hi gh nmodulus, it doesn't stretch very
easily, so it's ideal for ice |oading, w nd
| oadi ng conditions, et cetera.

So what do you get? You get consistent
performance at high tenperatures, |ess sag, as
we' ve tal ked about when you're putting high energy
| oads t hrough the conductor.

A transm ssion operator is able to match
their existing | oad, tension and cl earance
requi rements on their assets.

At the sanme tinme they get |ess
stretching. They have corrosion resistance
w t hout barriers between the core and the outer
wires. Also, because it's alum num and al uni num
behaves li ke an all-al uni num conductor in regards
to corrosion resistance.

Durability. W all want things that
last a long tine. Conductor and accessories are

rated to | ast 40-plus years, even at high
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tenperature. 210 Celsius is what this conductor
is rated at to run continuously for 40-plus years.

Again, as | nmentioned, a capacity
increase of two to three tines the traditional
conductor. And it's a proven, reliable solution
that's been installed and in the field with no
failures. W're very proud of that track record.

It's also very easy to use. It was
desi gned as a replacenent for steel core
conductors. And the accessories and equi pnrent are
designed to be installed and utilized very simlar
to a steel core conductor, a traditional
conductor. It's easy for contractors and
utilities to adapt.

So, when should an outfit | ook at
reconductoring, rather rebuilding. Initially when
nore power is needed down the line there are sone
| ow-cost things that can be done to gain capacity,
| ow capacity, but |ow cost.

But eventual ly when you start | ooking at
25 percent or nore new towers, or you're | ooking
at sone pernmitting restrictions, et cetera, then
3M offers an alternative.

So what we go after and what we're

usual ly used for are the nost chall engi ng
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applications. Things |like |ong-span crossings and
special siting situations where you don't want to
put towers in waterways, for instance. O vyou
want to | essen the environnmental inpact.

Corrosive environnents. As | nentioned,
corrosion resistance is very sinmlar to an all
al um num conductor. So, w thout protective
coatings being required, even in coastal and high
pol luti on areas, this conductor perforns.

Changi ng cl earance requirenents.

Whet her it's a railway, a highway, a roadway,

wat erway, et cetera, less costly and faster.
Densel y popul ated or under-built areas. No one
wants a tower in their backyard. And they
particularly don't want an additional tower or a
taller tower. Therefore, we can help out in those
ar eas.

Additionally environmentally sensitive
areas where you don't want to change the footprint
of the towers that are there; or you're | ooking at
ri dgelines, et cetera.

Heavy ice regions. | nentioned with a
hi gh strengt h-to-weight ratio, high w nd | oadi ngs,
hi gh mechani cal | oads, this conductor perforns.

Agi ng structures, a lighter conductor
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can hel p nake existing assets |last |onger. And
| ast, but not | east, when you're connecting new
generati on or renewabl e generation to the grid,
often the lines down bel ow become overl oaded. You
can upgrade those |lines, increase the pathway on
t he exi sting assets.

So, by maxim zing the upgrade val ue you
can nmaxi nm ze the anps by doi ng things by
i ncreasi ng your unit cells on existing assets.
That benefits your ratepayers by spreading fixed
costs over nore kil owatt-per-hour sal es.

Greater reliability and usabl e capacity.

N-m nus-1. |If one |line goes out and power needs
to cone down another line, by having excess
capacity on that |line you can keep the power

flowing even in tinmes of a line outage or a
gener ati on out age.

Flexibility and responsi veness. G owh
can be variable, we all know. Areas grow very
qui ckly, they growslowy. |It's hard for planners
in | ooking at 20-year plans to really know what's
out there. Extra capacity on a |line provides for
t hat .

You can del ay the next upgrade. Wat's

t he point of upgradi ng now when you know in three
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to five years you nmay need to upgrade agai n.
Spendi ng the npney now often additional capacity
continues to serve | oad grow h | onger.

And there's a certainty of project costs
and tinming. It's well docunented in the
literature how construction costs, naterial costs,
et cetera, can highly exacerbate and end up
totally bl owi ng out what was originally a very
wel | thought out budget. Wen you' ve got nore
certainty of project costs and tim ng,
reconductoring can help you do that, and help
utilities and other transni ssion owners stick to
t hei r budgets.

And | ast, but not |least, 3Ms been in
busi ness now for 106 years. W're here with the
State of California, and also with the utilities,
transm ssion owners and generators to be here al
the way, from design concept all the way through
to energi zati on.

Thank you. Any questions?

MR, GRAVELY: Thank you. | would like
to nention that for those who are interested,
Janmi e could help us here, but there was Pl ER
research done on this technol ogy and sone field

testing done through a research program It's
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al so available if anybody's interested in that
area. So this is a technol ogy that has evol ved
from Pl ER

And we have one nore speaker?

MR, BRAUN:. W have one nore.

MR, GRAVELY: Ckay.

(Pause.)

MR HEINRICH: 1'll just nake a couple
points. M nane's Mke Heinrich from EPRI, and
I'm sure you're happy to hear anot her EPR
di scussi on.

But | want to nake just a couple points
about the need for grid planning and grid
operations. Merwin and Dariush both referred to
the need earlier in the day for different ways of

operating the grid, and different ways of

pl anni ng.

EPRI has, this year in the 2009
portfolio, which we roll out -- we're discussing
now -- a new programthat's called program 173.

It is for basically the renewabl e integration. So
it's right on the topic of today's discussion. So
I just want people to be aware of it.

I won't go into a lot of detail. The

slides that I'll make sure that we do get them
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and they'll be avail able on the web.

I want to point out two other areas in
the area that we tal ked about earlier. Also the
need for decision tools and forecasting tools, not
for forecasting the wi nd, but forecasting areas
where we' ve al ready done sone work together with
t he PI ER group.

One for critical operating constraint
forecasting; done the first phase of that project.
And we're | ooking, in discussions with the CEC, to
do a foll owon phase for that.

And the other one for congestion
forecasting. And this is particularly associ ated
with the congestion that nay be seen with the
addi ti onal new resources that we have for both
wi nd and sol ar and other types of renewabl es.

So, again, ny comments are brief. |If
there's any questions on these, please get ahold
of me or get ahold of Mke or Jami e, and they can
get ahold of us.

So, thank you for your tine. And | know
we're pushing towards the end of the day, so,

t hanks, agai n.
MR, GRAVELY: Thank you. |'d like to

open up the floor here for -- actually, maybe
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we'll talk with the WebEx group. |Is there
anybody, you guys haven't had a chance to ask any
questions, | haven't heard any fromthe WbEx
crowd. This is unusual for an all-day event not
t o hear anybody.

So, are there any questions online for
any of the speakers that we have here today?

I guess not.

Are there any questions in the audi ence
for any of the speakers we have today?

Go ahead.

DR ZACK: | noticed that there were a
number of different possible solutions to all ow
hi gher | evel penetration of wind and sol ar, such
as storage and forecasting, of course.

| didn't hear a | ot about the
interaction of all those solutions to optinally
manage the grid. So where do we stand on the idea
of, for exanple, if you have storage on the system
you might use wi nd and sol ar forecasting
differently than -- and if you have forecasting,
maybe you deploy storage in a different way than
if you don't have accurate forecasting, or you
have accurate forecasting over certain tinefranes.

That may change how you depl oy st orage.
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So, does anybody have any i nfornmation
about how that type of investigation is
pr oceedi ng?

MR, GRAVELY: Robert?

DR. SCHAI NKER: Yeah, maybe. |'m sorry,
I was wor ki ng on somet hing el se when you started
your questions. | mssed the beginning of it.

But, explain your question again.

DR. ZACK: Well, how do you use all the
di fferent resources we've heard about today as a
conbi nation to optinize the nmanagenent of the grid
and al | ow hi gher penetrati on?

So, rather than say storage is the
answer, or forecasting is the answer, how do we
put them all together optinally?

DR. SCHAI NKER: Nobody's done that. But
there is sone infrastructure issues here. Right
now, the way the | SO operates here in California
is that each plant sends a bid in for the next day
for so many hours and so many megawatts.

So, the -- and a good operator is not
aut hori zed, or his job is not to optinize the
integration of all these things. He's just got to
make sure the grid is reliable.

So, there is no nechanism even in the
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State of California, would do as you suggest,
whi ch, in fact, would probably save noney for the
custoners and be better reliable, et cetera, et
cetera.

That's not the way the system works
right now |In the old days when we had an
integrated vertical utility systemwe could do
that. But that's not even in the cards right now

So | don't know if we want to go off on
that topic --

MR. BROMWN: Ckay. Can | add sonething
to that?

DR. SCHAI NKER:  Yeah, sure.

MR BROWN. |If | nmay. And |'m not
counteri ng what you say. ' madding onto it --

DR. SCHAI NKER:  Sure, sure, sure.

MR, BROWN. -- by looking further into
the future. Dariush, for exanple, nentioned the
use of probablistic kinds of planning and
f orecasti ng.

To ne the way | |look at that is that, as
Robert said, 20 years ago the grid was operated
under plans essentially, deternmnistic plans. And
they were in control al nost of everything except

for nother nature.
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And we've gotten to the point where
t hose pl ans have | argely di sappeared. They aren't
there anynore. And so everyone's operating, so to
speak, in real tine.

What | think sonme of the research that's
going on is doing is sort of returning a form of
pl anning to that operator in the terns of being
able to do probablistic forecasting. And then you
add to it a considerable better know edge about
the grid through such things as these real -tine
noni tori ng systens and faster kinds of algorithm
and conputerization to allow analysis to be done
and deci si on support to be done. And then nore
aut omat i on.

All of that, | think, is maybe bringing
this back again to what you're tal ki ng about, to

begin to talk in terns of a form of optinzation.

WIIl it be perfect? Probably not. Never is. And
will it take time? Yeah, it will probably take a
long time.

But | think that's the first thing where
we're heading with the technol ogy capabilities.

DR. SCHAI NKER:  Yeah, on the other side
of the coin a devel oper of wind, let's say, or

sol ar, whatever, if he or she wi shes could put a
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package together of a wind systemw th storage,
with forecasting |like your technol ogi es have,
which is fantastic. And | don't think they' d add
to it transmission, | don't know.

You could try to put a generation
package together that in the dotted box around it
i s di spatchabl e renewabl e. D spatchabl e w nd,

di spatchable -- that could be done.

But in terns of the | SO using your tools
for wind forecasting to alter their next day's
al l ocation of resources, that's yet to be done.
There's not a nechanismto do that.

DR. ZACK: But are we doing the research
to support that type of application? Do we
under st and how we use forecasting and storage
optimally --

DR SCHAINKER A little bit. Not too
much. I n ny opinion, just a tip-of-the-iceberg
ki nd of stuff. WNMaybe 10 percent.

MR, GRAVELY: Let ne add a coupl e things
here really quick. There is a working group, and
it doesn't specifically address renewabl es, but
nmost of you area aware that the | SO is upgrading
their system under the nmarket technol ogy, | nean

MRT wor ki ng redesi gn technol ogy upgr ade.

PETERS SHORTHAND REPORTI NG CORPORATI ON (916) 362-2345



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

244

We have an infrastructure working group
and a products working group that's part of that.

I happen to chair the infrastructure working
gr oup.

And in that area we are | ooking at
things |like that, because we go forward with
infrastructure; it's initially focused on denand
response, but it's expected to expand to other
ar eas.

How t hese, for exanple in w nd
forecasting nodel, a question could be how could
this nodel be integrated into the future versions
of software that they use for their day-ahead
forecast and their hour-ahead, and 15-m nute-ahead
f orecast .

So there is a structural place. And we
do advertise those neetings; they're published on
the 1 SO website. And so | would encourage you to
talk to the infrastructure worki ng group. These
are the things that we are tal king about. | nean
there is nobody doing all of it.

The other thing that we've | earned from
our smart grid work from ourselves, is that smart
grid, for exanple, addresses so nany areas there's

nobody who works them all except maybe the
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gover nnent .

So this is a case where they've said,
and this is why we're doing this smart -- we're
doi ng everything else, that this is a case for
bri ngi ng everybody together and conmmunicating is
sonet hi ng that they need sonmebody to do.

So we're trying to serve the role of
bringi ng together all these different players and
seei ng how these things fit.

So | would encourage you to | ook at
those two options. Particularly the
i nfrastructure group, because if you're interested
in the |1 SO 24- hour - ahead and day-ahead and day- of
forecasting, that's exactly what we are worKking
the infrastructure for. W're working a
nodi fication to the software to accept new
t echnol ogi es.

We al ready have version 1 and version 2
closed out. But the point is these are types of
questions that we're asking in that working group,
is what's com ng down the pike that the I SO
forecasting tools need to have in the markets they
do address.

So that's an area that | woul d encourage

you to participate if you're interested. And it's
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an open working group, it's not -- open to anybody
who wants to partici pate.

DR. ZACK: Thank you.

MR, GRAVELY: Any ot her questions? |
guess it is getting very late. | want to thank
everybody for participating, and | thank everybody
online that's participating. |If you haven't had a
chance you should be able, certainly by tonorrow,
to downl oad all the presentations.

The transcript of this will be posted.
And al so there is a recording of this that will be
posted in the future, also, for those that are
i nterested, for the session today.

Any your comments we have. | also wll
be working the 2009 | EPR and the energi ng
technol ogies for all areas. And | would encourage
you to think about how we can nost effectively do
t hat .

This one here, | wish we had a little
more interchange. And we nay plan it a little
different next tine than we did today. There is a
| ot of technol ogies to cover.

We are working to take what we've
| earned today and integrate that into

recommendati ons for the 2008 | EPR. I woul d
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encourage all of you to provide comrents as to
where you think the priorities should be. And
where you think the technol ogies that are on the
verge of being supported and technol ogi es that
maybe need to have a nore proof of the pudding
before we consider them

That's part of the reason today, and
t hese di scussions, is to share with you where we
think the technol ogies are, and hear from a
br oader audience, if we are in line with what
you're thinking or if we're out of |ine with what
you' re thinking.

Since there are no further questions,
t hank you very much for com ng, and we appreciate
your time.

(Wher eupon, at 4:18 p.m, the workshop

was adj our ned.)

--00o0- -
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